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REMARKS

After entry of this amendment, claims 1-20 are pending in the

application.

It is submitted that this Amendment has antecedent basis in the

application as originally filed, including the specification, claims and drawings, and

that this Amendment does not add any new subject matter to the application.

Consideration of the application as revised is requested.

19, after line 21, are fiiUy supported by the application as originally filed. For

example, the drawings as originally filed contained descriptive written legends

instead of reference numerals. These legends have been replaced with reference

numerals in the drawings, and the substance ofthe descriptive written legends has

been incorporated into the specification.

expedited by way of an Examiner's amendment, he is invited to contact the

Applicant's attorney at the telephone number listed below.

It is submitted that the paragraphs added into the specification at page

If the Examiner feels that prosecution of the present application can be

Respectfially submitted.

lulia Church Dierker

'Attorney for Applicant(s)

Registration No. 33368

(248) 649-3333

3001 West Big Beaver Rd., Suite 624

Troy, Michigan 48084-3107

Dated: July 18, 2001

JCD/tlw



VERSION OF CLAIM AMENDMENTS WITH MARKINGS
TO SHOW CHANGES MADE

The paragraph beginning at page 7, line 1, has been revised as

follows:

Figure 1 is a semi-schematic end view of the paint booth used in

conjunction with the closed atmosphere, airless spray system according to the present

invention for applying the primer;

The paragraph beginning at page 7, line 5, has been revised as

follows:

Figure 2 is a [further] semi-schematic front view of the paint booth

used in conjunction with the closed atmosphere, airless spray system according to the

present invention for applying the primer;

The paragraph beginning at page 7, line 9, has been revised as

follows:

Figure 3 is a further semi-schematic end view ofthe paint booth used in

conjunction with the closed atmosphere, airless spray system according to the present

invention for applying the primer;

The paragraph beginning at page 7, line 16, has been revised as

follows:

Figure 5 is a further semi-schematic front view of the paint booth used

in conjunction with the closed atmosphere, airless spray system according to the

present invention for applying the primer; and.

The paragraph beginning at page 19, line 7, has been revised as

follows:

The process for applying the primer is described and shown in Figs. 1-

3, 5 and 6. This process is an airless spray system, having a closed atmosphere. This

system provides a uniform coating of primer. Further, it is environmentally friendly

in that virtually no noxious fumes escape to the atmosphere, virtually all the primer is

captured and reused, and since it is a closed atmosphere, the amount of solvent used

is reduced—the operator does not need to keep adding solvent since there is little
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appreciable solvent loss. Negative pressure in the paint booth 30 prevents escape of

VOCs into the atmosphere. A chemical is added into the water scrubber 50 which

causes VOCs to coagulate and rise to the surface, which coagulants may then be

skimmed oflf the top and disposed of in an environmentally safe manner.

On page 19, after line 21, insert the following paragraphs:

Referring now to Figs. 1 and 2. paint booth 30 includes paint inlets 32

spaced about paint booth 30. Paint nozzle assemblies 34 fas best seen in Figs. 3 and

6) enter the interior of paint booth 30 via inlets 32. Clamps 64 are adapted to hold

nozzle assemblies 34 in place.

Paint booth 30 further comprises mounting bosses 74 and an access

hatch 40. Hatch 40 includes a handle 36 and hinge 38. In a preferred embodiment,

hinge 38 comprises a piano hinge 70. Clamps 72 are adapted to selectively hold

hatch 40 closed. Hatch 40 further includes a gasket and backing plate assembly 76

and fasteners 62 therefor. Further, paint booth 30 is operativelv connected to a sump

44 and a paint return conduit 46.

The workpiece. namely tubing 10, enters paint booth 30 via workpiece

inlet port 66 and exits via workpiece outlet port 68. It is to be understood that ports

66, 68 may be of any geometric configuration: however, in the preferred

embodiment, port 66, 68 have a circular configuration 42.

Water scrubber assemblies 50 are operativelv connected to paint booth

30 via flange 48. Water scrubber assemblies 50 include a cover plate and gasket

assembly 54 and associated fasteners 52. Water scrubber assemblies 50 further

comprise water scrubber water supply tubes 56. drains 58 and exhaust outlets 60.

Paint booth 30 and water scrubber assemblies 50 may be mounted on a

suitable stand if desired. As best seen in Figs. 3 and 5, such a stand may include

posts 78, beams 80 and gussets 82.

Fig. 3 schematically depicts flow from paint nozzle assemblies 34. As

is evident from Fig. 3, the entire outer circumference of tubing 10 is covered via

spray from the three nozzles 34.

Referring now to Fig. 6, paint is mixed in paint reservoir and mixing
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drum 88 via paint mixer 90. The paint is drawn out ofdmm 88 via paint suction line

92 and flovys through pump 94 and check valve 96. An accumulator 84 and paint

circulation valve 86 are also in fluid communication at appropriate areas.

On page 21-53, the font has been changed to render the text more

legible.



Our Reference: ITT-446-B (AC 055) PATENT

CORROSION RESISTANT METAL TUBE AND PROCESS FOR
MAKING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S.

Provisional application S.N. 60/176,979, filed on January

19, 2000.

BACKGROUND OF THE INVENTION

This invention relates to a multi-layer coated

metal tube, and more particularly to a metal tube having

a primed outer surface coated with a plurality of layers

of plastic material securely bonded thereto.

Metal pipes often have their outer surfaces

covered with a protective coating. These pipes are used

for conveying hydraulic fluids (such as for brakes,

transmissions, power steering, fans, and the like), fuels

(such as methanol, ethanol, gasoline, additives, diesel,

kerosene, jet fuel, and mixtures thereof), vapor, and the

like in a motor vehicle. As such, .these pipe lines are

located under the body of the vehicle. Since they are

used in such a harsh environment, the pipes are required

to have a high degree of corrosion resistance, scratch

resistance, impact strength and mechanical wear

resistance. In cold climates, it is not unusual to

encounter road salt sprinkled onto road surfaces in order

to prevent freezing of water on the road surfaces and the

inherent dangers caused thereby. The popularity of

spreading road salt has created a serious problem of pipe

corrosion. The pipes are also vulnerable to damage or

wear from stones or mud spattered by rotating wheels of

the vehicle. It is, therefore, necessary that the pipes

attached to the underbody of the vehicle be coated so .as

to resist both chemical corrosion and mechanical damage

or wear.

Flexible fuel vehicles (FFVs) often are

designed to be fueled by methanol, ethanol^ gasoline,,

and/or any combination of these fuels. Certain fuel

blends may corrosively attack metals, even some types of
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stainless steel. If corrosion is prolonged, fuel and/or

hazardous fluids may leak from the tubing. However,

emissions standards, for example those issued by the

California Air Resources Board (CARB) and the U.S. EPA,,

mandate no leakage or permeation for as high as 150,000

miles- or 15 years.

A double-rolled steel pipe has been proposed
that is -made by rolling a steel strip or hoop twice and

brazing its longitudinal edges by means of a copper

plating layer, or a seam welded steel pipe, where the

pipe has an outer surf ace- coated with an electroplated

zinc film. The zinc film has an outer surface coated

with a relatively thin special chromate film having, for

example, an olive color. Chromate is typically used to

enhance the adhesion of the subsequent layer by making

the surface rougher.' . The chromate film has an outer

surface coated with a fluorinat.ed resin film. The

fluorinated resin film is formed by impregnating the

chromate film with a dispersion of polyvinyl fluoride

immediately after the formation of the chromate film when

it is still in the state of a gel, and drying them under

heat, so that the fluorinated resin film may form an

intimate bond with the chromate film. When the chromate

film is formed by treating the pipe with- a solution, it

requires large amounts of a chromium compound and an

organic acid, such as formic acid, used as a reducing

agent. It is necessary to supply the treating solution

with the chromium compound frequently, and to renew it at

regular intervals of time in order to maintain a constant

film forming capacity. The waste solution, however,

contains a large amount of chromium having a valence of

6, which is a toxic substance. .As such, the disposal of

this toxic waste solution is very costly. Although the

chromate film as formed is highly resistant to corrosion,

the heat to which it is exposed during the formation of

the resin film deprives it of water and thereby makes it

brittle. Any plastic deformation of the pipe, such as
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may result from bending or double flaring, and/or any
elastic deformation, such as may result from pipe
handling prior to or during assembly, may form fine

cracks in the chromate film which lowers its rustproofing
5 properties^.

' It has also been proposed to provide a

corrosion resistant pipe where a metal pipe is provided
with an outer surface coated with a zinc film, a chromate
film, an intermediate layer consisting sequentially of an

10 epoxy resin, and a polyvinyl fluoride film formed one on

top of another in the order listed.

A plastic-coated steel tube . has also been

proposed where a steel tube has an inner layer of at

least one cross-linked polyolefin modified with a

15 hydrolyzable silane and an outer unmodified or soot-

blended polyolefin. layer on the exposed surface of the

" inner layer

.

A process for coating metal tubes with plastic

.

material has also been disclosed where a fixed metal tube

2 0 is heated to a temperature above the melting point of the

plastic material to.be employed, thereafter causing a

mixture of plastic powder and air to pass through the .

metal tube; whereby the plastic material is fritted onto

the inside surface of the tube, thereafter rotating the

25 metal tube _and applying to the exterior surface thereof

in a plurality of stages a plastic material, the plastic

material being electrostatically sprayed onto the

rotating metal tube. After each stage of .

electrostatically applying plastic to the outside surface

3 0 of the metal tube and applying plastic material to the

inside surface thereof, the plastic material is

completely melted and smoothed. However, this process

has several drawbacks, including that it is a batch

process (as opposed to a continuous process) / it requires

35 rotation of the tube; and the cure time of the plastic

material is quite slow, eg. several minutes. Thus, this
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process is. rather inefficient; both from a cost and time

standpoint

.

An automobile tube "line for a brake, fuel or

hydraulic system has also been ' disclosed with an interior

steel tube having a galvanized exterior layer with an

additional exterior olive chromated layer which is

wrapped in an additional Nylon 12 layer casing where the

plastic casing is a polyamide layer applied by extrusion

on top of the olive chromated layer.

In U.S. Patent No. 5,590,691, which is

incorporated herein by reference, there is disclosed a

metal tube having an extruded multiple plastic layer

coating bonded thereto. This tube is very corrosion

resistant, yet may not be suitable in aggressively

corrosive environments such as for example upon exposure

to fluid soaking in 85% ethanol

.

Thus, it is an object of . the present invention

to provide a corrosion resistant metal tube which

withstands prolonged exposure to corrosive environments,

including aggressively corrosive environments. It is'

another object of the present invention to provide such a

tube and process for making the same which advantageously

substantially contains any volatile organic compounds,

thereby substantially preventing any undesirous venting

of VOCs to the atmosphere. It is a further object of the

present invention to provide a process which captures and

re-uses any primer material applied to the tube, thereby

advantageously substantially eliminating waste of raw

material (s) and substantially preventing undesirous

venting/overspray of primer to the surrounding

.environment. Still further, it is an object of the.

present invention to provide .such a tube and process for

making the same which exhibits good adherence between the

tube and a subsequent corrosion resistant layer (s) for

prolonged periods of time. Further, it is an object of

the present invention to provide a process for making
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such a tube which- is high speed thereby being

advantageously cost effective.

SUMMARY OF THE INVENTION

It is desirable in the present . invention to

5 provide brake lines and fuel lines,, and other lines which

could be damaged by the regular use of an automobile,

which can meet the continuous demand of traffic .

conditions and possible exposure to corrosive fluids, and

therefore must have a long lasting durability of ten

10 years or more. In such application areas, resistance to

corrosion, resistance against breaking, cracking or

bursting due to internal pressure, resistance to stone

impact, and a high corrosion resistance against winter

salt are all desirable characteristics. At this time,

15 tube lines made of steel are currently being used in a

large capacity. For brake lines double-wrap steel tubes

are suitable, whereas single wall straight bead welded

steel pipes are more appropriate for fuel lines.

The corrosion resistant metal tube and process

2 0 for making according to the present invention provides

numerous advantages over the prior known tubing

configurations. In particular, tube having a priming

layer between the polymeric layer (s) and- the pretreated

tube promotes adherence of the polymeric layer (s), even

25 when exposed for prolonged periods of time to

aggressively corrosive environments, such as for example

to 85% ethanol fluid 'soaks,. Further ,.. the process for

applying the primer coating according to the present

invention is environmentally frieindly. Still further,

3-0 the polyamide 12 material of choice, having a lower

viscosity and lower molecular weight, allows for higher

line speeds for more efficient and cost effective •

production.

The multi-layer tube according to the present

3 5 invention comprises a metal tube having an outer surface;

a zinc layer bonded to the metal tube outer surface,

wherein the zinc layer is selected from the group
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consisting of zinc plating, zinc nickel alloys, zinc

cobalt alloys, zinc . aluminum alloys, and mixtures . ,

thereof; a surface treatment layer bonded to the zinc

layer, wherein the surface treatment layer is selected

from the group consisting of a zinc/aluminum/rare earth

alloy, phosphate, chromate, and mixtures thereof; a

priming layer; a first polymeric layer bonded to the

priming layer, wherein the first polymeric layer is

selected from the group consisting of thermoplastic

elastomers, ionomers , nylons, f luoropolymers , and

mixtures thereof; and a second polymeric layer bonded to

the first" polymeric layer, wherein the second polymeric

layer is selected from the group consisting of nylons,

thermoplastic elastomers, fluoropolymers , and mixtures

thereof

.

A process according to the present invention

for manufacturing a multi- layer tubing for conveying

fluids comprising the step of extruding multiple layers

of a' melt-processible thermoplastic to a pretreated metal

tube having an external surface with at least a zinc

based coating, a sealant "coating on top of the zinc based

coating, and a primer coating on top of the sealant

coating. The primer coating is preferably applied by an

airless spray system in a closed atmosphere, wherein

substantially no volatile organic compounds escape into

the atmosphere

.

Other objects, advantages and applications of

the present invention will become apparent to those

skilled in the art' when the following description of the

best mode contemplated for practicing the invention is

read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The' description herein makes reference to the

accompanying drawings wherein like reference numerals

refer to like parts throughout the several- views, and

wherein:



Figure 1 is a^view of the paint booth used in

conjunction with the closed atmosphere, airless spray

system according to the .present invention for applying
the primer; ^Jl^ -Sckju^ia -Pvxrr>+

5 Figure 2 is a £urther)^view of the paint booth
used in conjunction with the closed atmosphere, airless

spray system according to the present invention for

applying the primer; •,

sUm^^ 6cW>**^'c^
Figure 3 is a further ^^view of the paint booth

10 used in conjunction with the closed atmosphere, -airless

spray system according to the present invention for

applying the primers-

Figure 4 is a cross-sectional view of a tubing

according to the present invention with the layer

15 thicknesses exaggerated for purposes of illustration,-

Figure 5 is a further ^view of the paint booth

used in conjunction with the closed atmosphere, airless

spray system according to the present invention for

applying the primer; and

20 Figure 6 is a schematic view of the closed

atmosphere, airless spray system according to the present

invention for applying the primer.

DESCRIPTION OF THE PREFERRED AND ALTERNATIVE EMBODIMENTS

The multi- layer tubing 10 according to the

25 present- invention includes a metal tube or pipe 12. . The

metal tube 12. may be welded steel tube, brazed steel

tube, aluminum, copper or stainless steel. The process

of the present- invention is capable of applying a multi-

layer coating over any rigid or semi-rigid tubular

30 material. Of particular interest in the present'

invention, is the mechanical durability - and . corrosion

resistance advantage obtained with carbon steel in. either

a welded single wall or brazed double wall form ,of tube

or piping. Application of multi- layer coatings on other '

35 materials may be of a decorative nature with some

protection also being obtained, for example improved

chemical resistance of the outer shell of the multi-layer
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coating over the underlying rigid or semi-rigid tubular

material.

The metal -tubing 12 is pretreated as required

through various clean and rinse stages. In addition, the

pretreating of the metal surface may also include

pickling to remove oxides and to improve the metal

surface for deposition of a metal based coating/ such as

a zinc based coating that is applied by hot dip

galvanization, sometimes referred to as the "hot process"

as previously described, or the preferred method of

electrolytic bath coating or plating sometimes referred

to as the "electrolytic or cold process" as previously

described. In the alternative., previously pretreated

metal tubing 12 may be supplied to the zinc based coating

process step according to the present invention, or a

previously zinc base coated metal tubing 12 may be

supplied to the surface treating step of the process

according to the present invention. In either case,

metal tubing 12 with a zinc based coating applied thereon

in a range of 0.4 to 1.0 mil is either produced or

supplied for subsequent treating as will be disclosed

hereinafter according to the present- invention.

The external surface of the zinc based coating

is treated to seal the" zinc based coating to prolong its

corrosion resistance and to provide a suitable surface

for application of -and bonding to extruded multiple

layers of plastic to be subsequently supplied. The

surface treatment of the zinc based coating is at least

one of the surface sealing treatments selected from the

group of a phosphate coating, a chromate coating

including the clear, yellow and green versions,, a zinc-

aluminum alloy coating, and combinations thereof. A

suitable zinc-aluminum alloy and coating is described in'

United' States Patent Number 4,448,748 which is

incorporated herein by reference, and"ASTM Designation:

B750-88 provides a standard specification for zinc-5%

aluminum-mischmetal alloy in ingot form hot -dip coatings,
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which is also incorporated herein by reference. Metal

tubing pretreatment prior to plastic application can

include combinations such as zinc -aluminum alloy with a

phosphate, coating and a chromate coating, zinc plate with

5 a chromate coating, zinc plate with a phosphate coating

and a chromate coating, galvanized zinc with a phosphate

coating and/or a chromate coating, zinc-nipkel alloy

plate with a phosphate coating and/or a chromate coating,

zinc-cobalt alloy with a phosphate coating and/or a

10 chromate coating, a chromate coating of the clear, yellow

and green versions, and combinations thereof. The

pretreatment of the metal surface prior to the zinc base

coating can include sand, shot or bead blasting, or other

means of abrading the surface to roughen it, or detergent

15 cleaning with rinse and acid pickling followed by a

rinse. Any suitable surface abrading or etching process,

either chemical or mechanical, may be used as a

pretreatment prior to any other surface treatment and/or

.prior to extruding plastic onto the metal surface. The

20 chromate coating can be applied as a wash having

essentially no remaining weight. The zinc-aluminum alloy

coating can be applied with . a weight selected in .a range

of between 3 6 to 95 g/m^ inclusive , and with a preferred

weight range of between 75 to 80 g/m^ inclusive and a

25 most preferred weight of 78 g/m^ . The phosphate coating

can be applied with a weight in the range of between 120

to 250 mg/ft^ (1.292 to- 2.691 g/m^) inclusive. The zinc

based coating on the metal surface is .preferably a- weight

in the range of between 13 to 35 microns inclusive.

30 Various combinations of multi-layer tubing 10

according to the present invention have been prepared

with metal tube 12 having a 3/16 inch diameter brazed

tube, or 5/16 inch and 3/8 inch diameter welded steel

tube,. The process according to . the present- invention is

35 not size dependent, and therefore it is anticipated that

other sizes, including smaller sizes and larger sizes, of
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metal tube 10 can be processed according to the present

invention .

'

The zinc -aluminum galvanizing alloy or coating

preferably contains from about 85% to 97% zinc, from

about 4% to 15% aluminum and at least about 5 ppm

mischmetal (a variety of known rare earth containing

alloys)

.

After treating the surface of the zinc based

coating or layer 14 with the surface treatment layer 16,

a primer 17 is applied. The primer 17, which promotes

adherence of the polymeric layer (s) to the metal

substrate, even when exposed for prolonged periods of

time to aggressively corrosive environments (such as for

example to 85% ethanol fluid soaks) will be discussed

further below. Multiple plastic layers are extruded on

the treated .surface 16 of the zinc based layer 14. In

the alternative, multiple plastic layers can be extruded

on to the external ' surf ace of the metal' tube 12 without

pretreatment , In either case, the multiple plastic

layers preferably include at least an alloy or bonding

layer, referred to herein' as a first layer 18 formed on

top of the treated surface layer 16 and an external shell

or second layer 22 exposed to the outside environment.

An, optional intermediate or third layer 20 may be

provided between the first layer 18 and the second layer

22 and may include one or more sublayers of plastic

materials.

Prior to extruding the multiple plastic layers

onto the treated surface 16, the metal tube l'2 is .

preheated to temperatures in the range of between 177 °C

to 232°C (350°F to 450°F) inclusive, with a preferred

range of between 204<^C to 232°C (400^F to 450°F)

inclusive. The multiple layers of extruded plastic form

a coating over the. treated surface 16 with an overall

thickness in a* range of between 75 to 3 00 microns (3 to

12 mils) , with a preferred range of between 125 to 250

microns (5 to 10 mils) . Individual plastic layers can be
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applied with a thickness in a range of between 10 to 250

microns (0.3 to 10 mils) inclusive, with a preferred
range of between 125 to 250 microns (5 to 10 mils)

inclusive.

5 A more detailed description of the process
according to the present invention follows. The tubing

12 as previously described is subjected to a clean and

rinse step followed by a pickling process step to remove

oxides and to improve the external metal surface for

10 subsequent flash plating. After the pickling step, the

metal tubing 12 is subjected to a rinse step. The

electroflux and flash plate with zinc step then applies

the zinc based layer of a thickness in the range of 0.4

to 1.0 mil inclusive. A zinc-aluminum alloy coating is

15 then applied to the external surface of the zinc based

layer. A suitable zinc-alloy coating is commercially

available under the tradename ' GAL.FAN from Eastern Alloys,

Inc. of Maybrook, New York, The sealing step of applying

GALFAN while controlling the thickness in a range of 36

20 to 95 g/m^ with a most preferred thickness of 78 g/m^, is

followed by a water quench step to bring the tubing 12

back to ambient temperature, followed by a rinse step.

It is to be understood that any of the quenching steps as

discussed herein may be performed using any suitable

25 material or process . A phosphate surface may be applied

to the external surface of the GALFAN .coating for

improved adhesion of subsequent layers. A rinse step

follows the phosphating step. The .application of a

chromate coating occurs to seal the phosphate surface

30 applied. The phosphate surface is preferably applied-

with a thickness in the range of 120 to 250 mg/ft^ (1.292

to 2.691 g/m^) , while the chromate coating may be applied

as a wash having essentially no remaining weight on the

tubing upon completion. After the chromate wash step,

35 the multiple layers of plastic are extruded onto the

metal tubing 12. Preferably, the tubing has been heated

in a range of between 375 to 450°F inclusive with a
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preferred temperature of 425°F prior to the application
of the multiple layers of plastic. A conventional

mechanical applicator or extrusion head is used for

coextruding the multiple layers of plastic simultaneously
onto the surface of the preheated metal tube 12. In the

preferred configuration, vacuum is applied to the head of

the applicator to pull the plastic material down onto the

surface of the preheated tube 12. The vacuum applied is

preferably in the range of 1 inch to 22 inches of water

(where 28 inches of water is equal to atmospheric

pressure) , with a preferred vacuum pressure of 10 inches

of water. After extrusion of the multiple layers of

plastic, the tubing 12 is subjected to a quench, which

can be a water quench, oil quench or other material

quench as required, and is thereafter coiled or cut to

finished length.

In lieu of coextrusion, the process could also

be carried out as a cross-head application wherein the.

layers are applied synchronously instead of

simultaneously. However, this process is not as .

preferred as the coextrusion, in that there is a greater

likelihood of loss of bonding efficiency and bonding

properties, and there tends to be less control, over layer

thicknesses .

.

Referring now to Fig. 4, the mult i -layer tube

of the present invention is designated generally as 10.

Multi-layer tube, 10 comprises a tube or pipe 12 having an

outer surface 13 . Tube 12 may be formed in any

conventional manner and of any suitable material. For

example, tube 12 may be a welded single wall steel tube,

a brazed double wall steel tube, etc. Further, aluminum,

stainless steel and the like also may be used. Yet still

further, tube 12 may be formed from any rigid or semi-

rigid tubular material. Tube 12 may be of circular cross

section as shown, however, it is to be understood that

tube 12 may be formed of any suitable size and/or shape.
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including square, rectangular and other geometric

configurations.

A zinc layer 14 is bonded to the metal tube

outer surface 13 . It is to be understood that any

suitable zinc layer 14 may be used in . accord' with the

present invention . However, in the preferred embodiment,

the zinc layer is selected from the group consisting of

.

zinc plating, zinc nickel alloys, zinc cobalt alloys,

zinc aluminum alloys, and mixtures thereof.

A surface treatment layer 16 is bonded to the

zinc layer 14 . Any suitable surface treatment layer 16

may be used. However, in the preferred embodiment,

surface treatment layer 16 i-s selected from the group-

consisting of a zinc/aluminum/rare earth alloy,

phosphate, chromate, and mixtures thereof.

The phosphate and/or chromate may be applied in
'

any suitable manner. In the preferred embodiment, a. hot

phosphoric acid is used. Without being bound to any

theory, it is believed that this acid etches into the

metal surface, leaving a phosphate crystalline structure

in the metal, which structure aids in subsequent adhesion

of polymeric materials. Over electroplating, a wet bath

chromate may be used, after which the metal is rinsed

well. Chromium oxides are left on the metal, which are

believed to aid in corrosion resistance, and 'which,

although optional, are further believed to enhance the

advantageous properties .of the phosphate . Over the

zinc/aluminum/rare earth alloy treatment, a dry chromate

may be used which does not require subsequent rinsing.

The zinc/aluminum/rare earth alloy used is

preferably GALFAN, commercially available from Eastern

Alloys, Inc. in Maybrook., New York; licensed from the

International Lead Zinc Research Organization, Inc.

located in New York, NY; and described in U.S. Patent No.

4,448,748, discussed more fully above. Particularly

preferred is the conabination of the GALFAN with the

phosphate, or the GALFAN with the phosphate and chromate.
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Without being bound to any theory, it' is believed that

either of these two combinations for the surface

treatment layer 16 are particularly advantageous and

useful in the present invention.

It is to be understood that the zinc layer 14

and/or surface treatment layer 16 may be optional

components • of the present invention. Various polymeric

compositions may be applied directly to a bare metal

surface, especially for decorative purposes. Further, it

is contemplated that various polymeric compounds and/or

blends, including those containing suitable ionomers, may

substantially bond to an untreated metal surface, thereby
giving the numerous corrosion and abrasion resistant

properties enumerated herein.

A primer 17 is applied beneath the polymeric

layer (s), to the outer surface of the metal tube 12

having any desired pretreatment/coatings thereon. The

primer may be any suitable primer which would promote

adhesion of the polymeric layer (s) to the metal tube 12,

even under aggressively corrosive conditions. In the

preferred embodiment, the primer is Nylon Primer

2BME45451, commercially available from Akzo Nobel Co. A
product data sheet for this material is appended hereto

as Table A. An MSDS for this material is appended hereto
as Table B

.

A first polymeric layer 18 is bonded to the

surface treatment layer 16. It is to be understood that

any suitable polymeric layer may be used which suitably

bonds to the surface treatment layer 16, and in turn,

suitably bonds to subsequent polymeric layers, if any."

In the preferred embodiment, the first polymeric layer 18

is selected from the group consisting of a thermoplastic

elastomer, an ionomer, a nylon, a f luoropolymer , and

mixtures thereof.

A second polymeric layer 22 may be bonded "to-

the first polymeric layer 18 (not shown) . It is to be

understood that any suitable polymeric layer may be used
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which suitably bonds to first layer 18, and which
provides suitable mechanical and chemical corrosion
resistance. In the preferred embodiment, the second

polymeric layer 22 is selected from the group consisting
5 of a nylon, a thermoplastic elastomer, a fluoropolymer

,

and mixtures thereof.-

The multi-layer tube 10 may further comprise a

third polymeric layer 20 interposed between, and bonded
to the first and second polymeric layers. It is to be

10 understood that any suitable polymeric layer may be used
which suitably bonds to first layer 18 and to the second
layer 22 and which may optionally provide suitable

cushioning, if desired. In the preferred embodiment,, the-

third polymeric layer 2 0 is selected from the group

15 consisting of an ionomer, a nylon, ethylene vinyl

alcojiol, a polyolefin, and mixtures thereof.

It is to be understood that any or all of ' the

three -layers, 18, 22, 20 may include multiple sublayers
(not shown) . Further, it is to be understood that each

2 0 of the layers and/or sublayers may be formed from a

single compound listed in the relevant group, or from a

combination thereof. Still further, it is to be

understood that each -of the layers/sublayers may be

comprised of the same material. The thickness of the

25 combined polymer layers can be as little as .004 inch,

and can be made even thinner. Successful coatings have

been applied having combined polymer layer thicknesses of

.004 inch, .005 inch, .006 inch, .007 inch, .009 inch and

.010 inch, with a preferred range of .005 inch to .010

^ 30 inch.

Examples of suitable compounds for each of the

layers will be described hereinafter.

One of the advantages of the present invention

is that a chemical or mechanical bond is formed between
35 all the layers. It is believed that good bonding

prevents moisture buildup beneath the layers, which
buildup greatly increases the likelihood of corrosion.
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The thermoplastic elastomers which can

successfully be employed in the tubing 10 of the present

invention are commercially available under tradenames

such as: SANTOPRENE® , a thermoplastic rubber commercially

5 available from Advanced Elastomer Systems of St. Louis,

MO; KRATON® , a thermoplastic rubber composed of a

s tyrene - ethylene/butylene - styrene block copolymer

commercially available from Shell Chemical Co. of

Houston, .TX; SARLINK, an oil resistant thermoplastic

10 commercially available from Novacor Chemicals of

Leominster, MA; and VICHEM, a family of polyvinyl

chloride compounds commercially available from -Vichem

Corporation of Allendale, Michigan.

Of the various thermoplastic elastomers

15 suitable in the present invention, HYTREL is a preferred

compound. HYTREL is a thermoplastic elastomer

commercially available from E.I, DuPont de Nemours & Co.,

located in Wilmington, Delaware. It is contemplated that

any grade of HYTREL is useful in .the present invention,

20 preferably such a grade which possesses a Shore D

Hardness ranging between about 40 and about 55, and still

more preferably, one having a Shore D Hardness of about

40. Grades having. D4 0 (Shore) hardness include G-4074;

G-4078; 4056; and 4059 FG. .

25 A . suitable nylon material includes 12 carbon

block polyamides, 11 carbon block polyamides , and . zinc

chloride resistant 6 carbon block polyamides. Of these.

Nylon 12 and zinc chloride resistant Nylon 6 are

preferred. The 6 -carbon block polyamide or Nylon 6'

30 either inherently exhibits zinc chloride resistance or

contains sufficient quantities of modifying agen'ts to

impart a level of zinc chloride resistance greater than

or equal to that required by Performance Requirement 9.6

as outlined in SAE Standard J844 (Revised June 19S0)

,

35 i.e. non-reactivity after 200 hour immersion, in a 50% by

weight zinc chloride solution. The Nylon 6 can also be

modified with various plast icizers , flame retardanrs and
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the like in manners which would be known to one

reasonably skilled in the art.

Most preferred as the polymeric material of the

first and second polymeric layers is Nylon 12

.

5 Preferably, the Nylon 12 of choice is VESTAMID X 7377,

commercially available from Huls -Creanova . A product

data sheet for this material is appended hereto as Table

Ci and an MSDS is appended hereto as Table D. This

material has lower viscosity and lower molecular weight,

10 thus advantageously allowing for higher line speeds

during mult i - layer - tubing 10
'

product ion

.

Suitable f luoropolymers may include

polyvinylidine fluoride, polyvinyl fluoride, ethylene

tetraf luoroethylene , and mixtures thereof. The material

15 can also be a graft copolymer of the preceding materials

together with a fluorine-containing polymer such as

' copolymers of vinylidine fluoride and

chlorotrifluoroethane . Suitable material employed may

contain .between about 6 0% and about 8 0% by weight

20 polyvinylidine difluoride. Materials so formed have a

melting point between about 200°C and about 220°C and a

molding temperature between about 210°C and about 230*^0

.

Further suitable f luoropolymers include: a copolymer of a

vinyl fluoride and chlorotrif luoroethylene , the vinyl
25' fluoride material selected from the group consisting of

polyvinylidine fluoride, polyvinyl fluoride, and mixtures

thereof; a copolymer of vinyl fluoride material and

ethylene tetraf luoroethylene ; a non- f luorinated

elastomer, and mixtures thereof. The material of choice

30 exhibits an affinity to- polymers employed in t.he first 18

second 22 or third 2 0 layers, such as, for example, Nylon

12 or Nylon 6 . Some suitable f luoropolymers are

commercially available under the tradename "ADEFLON A"

from Atochem Inc. elf Aquitaine Group of Philadelphia,

35 Pennsylvania

.

Other suitable materials, especially useful in

an interposed layer 20 or in sublayers of any of the
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three layers 18, 22, 20 include ethylene vinyl alcohol,

selected from the group consisting of copolymers of

substituted or unsubst ituted alkenes having less than

four carbon atoms and vinyl alcohol, and mixtures

5' thereof. Also useful are copolymers of alkenes having

less than four carbon atoms and vinyl acetate. Also

suitable are polyolefin compounds, including, but not

limited to polyethylene, low density polyethylene, and

polypropylene

.

10 The multi-layer tube 10 may have the first

polymeric layer 18 consisting essentially of an ionomer

and a nylon, such- as ethylene methacrylic acid. copolymer-

-partial metal salt, and" Nylon 12.. This may be in any

suitable percent composition and may have any additional

15 suitable additives. In the preferred embodiment, this-

percent composition ratio is between about 10% and about

70% ethylene methacrylic acid copolymer- -part ial metal

salt, and between about 90% and about 30% Nylon 12. More

preferably, this percent composition ratio is between

20 about 40% and about 60% ethylene methacrylic acid

copolymer- -partial metal salt, and between about 60% and

about 40% Nylon 12.

. The second polymeric layer 22 may consist

essentially of a nylon. In the preferred embodiment,.. .

25 this layer is Nylon 12

.

Third layer 20 may be any of the suitable

• materials listed hereinabove. In an alternate preferred

embodiment, this third layer 2 0 may be a "regrind" or

"recycle" of the suitable polymeric materials enumerated

30 above. It is to be . understood that the definition of

"regrind" or "recycled" material as used herein comprises

any generation of "regrind" or "recycled" material which

substantially possesses between about 65% and about 95%

(or higher) of each of the cold temperature impact,

35 viscosity and elongation properties of the virgin

material; more preferably, possesses between about 80%

and 95%, and still more preferably possesses between
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about 90% and 95%. However, it is to be understood that

any suitable regrind which performs in the desired manner
in the present invention is contemplated and may
successfully be used herein. If such a "regrind" is used

5 as third layer 20, it is preferred ' that a virgin material
be used as second (outer) layer 22

:

The process for applying the primer is

described and shown in Figs. 1-3, 5 and 6. This process
is an airless spray system, having a closed atmosphere.

10 This system provides a uniform coating of primer.

Further, it is environmentally friendly in that virtually

no noxious fumes escape to the atmosphere, virtually all

the primer is captured and reused, and since it is a

closed atmosphere , the amount of solvent used is reduced-

15 -the operator does not need to keep adding solvent since

.there is little appreciable solvent loss. Negative

pressure m the paint booth prevents escape of VOCs into
A

the atmosphere. A chemical is added into the water

scrubber^hich causes VOCs to coagulate and rise to the

20 surface, which coagulants may then be skimmed off the top

and disposed of in an environmentally, safe manner. -jlP Sva^rJ^

To further illustrate the composition, the ^^^^^^q^^sjoXL^

following examples are given. It is to be understood ^^'^"'^^

that these examples are provided for illustrative

25 purposes and are not to be construed as limiting the

scope of the present invention. *

EXAMPLE I

A 3/16 inch brazed steel tube had a GALFAN

coating of 78 g/m^ and a phosphate coating of 120-250

30 mg/ft^, with an additional chromate wash, with- the

chromate wash having essentially no remaining weight, A
primer commercially available from Akzo Nobel under the

tradename Nylon Primer 2BME45451 was applied to the tube

having the GALFAN/phosphate/chromate as described

35 immediately above. The primer was applied by the airless

spray system as described further hereinabove. Applied

thereto were two layers of Nylon 12 (VESTAMID X7377)
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Insert after starred paragraph on page 19, line 21:

Referring now to Figs. 1 and 2, paint booth 30 includes paint inlets

32 spaced about paint booth 30. Paint nozzle assemblies 34 (as best seen in Figs.

3 and 6) enter the interior of paint booth 30 via inlets 32. Clamps 64 are adapted

to hold nozzle assemblies 34 in place.

Paint booth 30 further comprises mounting bosses 74 and an access

hatch 40. Hatch 40 includes a handle 36 and hinge 38. In a preferred

embodiment, hinge 38 comprises a piano hinge 70. Clamps 72 are adapted to

selectively hold hatch 40 closed. Hatch 40 further includes a gasket and backing

plate assembly 76 and fasteners 62 therefor. Further, paint booth 30 is

operatively connected to a sump 44 and a paint return conduit 46.

The workpiece, namely tubing 10, enters paint booth 30 via

workpiece inlet port 66 and exits via workpiece outlet port 68. It is to be

understood that ports 66, 68 may be of any geometric configuration; however, in

the preferred embodiment, port 66, 68 have a circular configuration 42.

Water scrubber assemblies 50 are operatively connected to paint

booth 30 via flange 48. Water scrubber assemblies 50 include a cover plate and

gasket assembly 54 and associated fasteners 52. Water scrubber assemblies 50

further comprise water scrubber water supply tubes 56, drains 58 and exhaust

outlets 60.

Paint booth 30 and water scrubber assemblies 50 may be mounted

on a suitable stand if desired. As best seen in Figs. 3 and 5, such a stand may

include posts 78, beams 80 and gussets 82.

Fig. 3 schematically depicts flow from paint nozzle assemblies 34.

As is evident from Fig. 3, the entire outer circumference of tubing 10 is covered

via spray from the three nozzles 34.

Referring now to Fig. 6, paint is mixed in paint reservoir and

mixing drum 88 via paint mixer 90. The paint is drawn out of drum 88 via paint

suction line 92 and flows through pump 94 and check valve 96. An accumulator

84 and paint circulation valve 86 are also in fluid communication at appropriate

areas.
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having a total thickness between about .005 inch to .010

inch.

EXAMPLE II

The tubing of Example I was cut into 6 tube

5 specimens and was subjected to various tests. The tests

are described in Table E appended hereto. The test

results are described in Table F appended hereto.

EXAMPLE' III

The tubing of Example I was cut into 3 tube

10 specimens and was subjected to various tests. The tests

are described in Table E appended hereto. The test

results are described in Table G appended hereto.



AKZO NOBEL

Data: August 13, 1993

Produc: Name: Hyion Primer

Ak2o Nobel Coda: 2SMe4.S431

Praparad For: nT Automotive

PHYSICAL PROPERTIES

Wt./Gai,; 9-46 ± 0.3

Theor. Solids by WT.% 5o-a% i 3

Thaor. Solids by Vol.% 37.7% i 3

Viscosity: 25-30 sec @ 30"?

Viscometer: #4 Zahn

Glass; Medium @ 30"

Hardness:

Cure Tast:

Forming Test:

Remarks:

F Turquoise Min

50 ~ MEK rubs

3T min

21

T.^-3LE A.

TUBE

COATINGS
Product Oata. Sheet

pflooucT oescaipnoN

Adhesion promoong primer for .

under Myion over Galfan cubing.

The primer Improves Che adhesion,

nexibtlicy and corrosion or the

iMyioa coadng.

APPUCATTON PR0PEHT1E5

Equipment: Spray

Substrata: Galfan

Primer:

Surface Preparation: 3onderita 1 4.21

Application Viscosity: IS- 20 sec ^4

Ford cup

Reducer: ?M Acacata

Recommended Film Thickness:

Wet: 0,2-0.3 mils

Dry: 0.1 5 -1--O.OS mils

Sake Schedule: induction curing

SaCTing for desired PMT "F

Peak Metal Tsmporatura: 450-350" F



OATc PHINTcD: 1 2/1 5/36

MATcRlAL SAFHTY DATA SHEET

$4S4S1
IPL # T0jf20O1S

PAGE 1

MANUFACTURERS NAME:
AKZa COATINGS INC.

STRSrr ADDRESS:
1 345 MAXWELL
TROY, Ml 45084.

EMERGciMCY TELEPHONE NUMBERS:
3:00 AM - 4:4SPM (310) 637-0^0
AFTER HOURS (8101 S37-3210

PROOUCTCl^SS;
?Se?MOUC COATING

TRADE NAME:
NYLON PRIMER

SECTION I

MANUFACTURER'S CODE IDENTIFICATION:
23ME454ST

HAZARDOUS INGREDIENTS:

SECTION II - HAZARDOUS INGREDt&NTS

TLV-TWA
C.A.S. No. •?CT'

•3y Wt*
PPM
MG/V/3 •

PPM
PSL-P/VA

MG/W3

M-aUTYL ALCOHOL
1-aUTANQL

CRcSTf^UC AC:D (ISOMERS
AND MIXTURE

GQRESOL

FORMALDEHYDE

PHENOL
CARSQUC ACID

PROPYLENE GLYCOL METHYL
cTriER ACETATE

PM ACETATE

TITANIUM DIOXIDE

71-36-3 '3S-50-SWn

1313-77-3- <S Skin *

SO-QO-0 <.s

106-9S-2- O'Skin-

10a-6S-3* 5-20

13453-67-7*1 5-30

50.0000
152.0000

s.oooo
22.0O00

,3700

S.OOOO
13.0000

100.0000
300.0000

5.0000
22.0000

'300

S.OOOO
19.0000

1 S.OOOO

SECTION 111 - PHYSICAL DATA •

BOILING RANGE: VAPOR DENSITY VS. AjR:

243 • 405 OEG. F HEAVIER THAN AIR

EVAPORATION RATE VS. ETHER:
SLOWER

PERCENT VOLATILE 3Y VOLUME;
62.3

WEIGHT PER GALLON:
9.46 L3S.
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MATERIAL. SAFET/ DATA SHEET
45451 . Page 2-

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

FLASH POINT: LEL: 1 .0

97F.SFCC

GSHA CLASSIFICATION: -
.

FLAMMABLE UGUID - CLASS ^C

EXTINGUISHING MEDIA:
FOAM, CARBON DIOXIDE, DRY CHEMICALS

UNUSUAL FIRE AND EXPLOSION HAZARDS:
KEEP CONTAINERS- TIGHTLY CLOSED. ISOL^XTH FROM HE^^T, SPARKS, ELECTHtCAL EQUIPMENT

AND OPEN FLAME. CLOSED CONTAINERS MAY EXPLODE WHEN EXPOSED TO EXTREME HEAT. -

APPLICATION TO HOT SURFACES REQUIRES SPECIAL PRECAUTIONS. DURING EMERGENCY
CONDITIONS OVER EXPOSURE TO DECOMPOSITION PRODUCTS MAY CAUSE A HE-'i.LrH HAZARD.
SYMPTOMS MAY NOT BE IMMEDIATELY APPARENT. OBTAIN MEDICAL ATTENTION.

SPECIAL FIRE FIGHTING PROCEDURES:
WATER MAY BE INEFFECTIVE. WATER SHOULD BE USED TO COOL CONTAINERS E:<P0SED TO
FIRE.. FIRE FIGHTING PERSONNEL SHOULD WEAR SELF-CONTAINED BREATHING APPARATUS.

SECTION V - REACTIVITY DATA

STABIUT^f^:

STABLE

iNCOMPATlBIUTY (MATERIALS TO AVOID):
NONE REASONABLY FORESEEABLE."

HAZ.i\RDOUS decomposition' PRODUCTS:"
CARSON MONOXIDE, CARSON DIOXIDE, SMOKE, OXIDES OF NITROGEN.

HAZARDOUS POLYERIZATION:
WILL NOT OCCUR

CONDITIONS TO AVOID:
NOT APPUCABLE
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MATERIAL SAPETY DATA SHEET 45451 Pase 3

SECTION VI - HE\LTH HAZARD' DATA

THRESHOLD LU/irr- VALUE: SEE SECTION n.

E^s/IERGENCY AND FIRST AID PROCEDURES:
INSULATION: MOVE TO FRESH AIR. GIVE ARTIFICIAL R£5PGL\TI0N EF NECESSARY.

SKIN CONTACT: WASH WITH SOAP Sc. WATER.
EYE CONTACT: FLUSH WITH WATER FOR AT LEAST 15 NIINUTES. CONSULT A PHYSICL-^iiNr.

INGESTION: DRINK ONE OR TWO GLASSES OF WATER TO DILUTE. DO NOT INDUCE
VOMITING. CONSULT PHYSICL\N OR POISON CONTROL CENTER IMMEDIATELY. TRE^T
SYMPTOMATICALLY.
MEDICAL CONDmONS PRONE TO AGGR.WATION: NONE EXPECTED.

THE FOLLOWING FLAZL^RDS HAVE BEEN REPORTED TO BE ASSOCL\TED WITH THE
INDIVIDUAL COMPONENTS OF THIS PRODUCT. THESE HAZARDS MAY NOT ALL BE
ASSOCL^TED WTTH THE FINISHED PRODUCT.

ACUTE:
EXCESSIVE VAPOR CONCENTRATION IN .AER, ESPECL\LLY IN CONFINED SPACES,

MAY CAUSE ASPHYXL^TION.
INH.'^L.^TION OF VAPOR OR SPRAY MST MAY BE F.^VT.AL.

EXCESSIVE INHALATION OF VAPORS CAN CAUSE NASAL, THROAT AND
RESPIRATORY mRTTATION, DIZZINESS, WEAKNESS, FATIGLT, NAUSEA, HEADACHE AKD -

POSSIBLE UNCONSCIOUSNESS.
INHALATION OF VAPOR .AND SPR^Y M[ST MAY CAUSE NASAL, THROAT, AND

RESPER'i.TORY IRRITATION, SEVERE CASES MAY RESULT IN FUNCTIORAL AND
DESTRUCTIVE INJURY OF THE UVER AND .KIDNEYS.

INHALATION OF SPR.\Y NUST M'^Y CAUSE LUNG DAi\L\GE.
SANDING DUST OR DRY S?R.\Y ivIAY CAUSE IRRITATION TO THE -RESPIRATORY

SYSTEiVI.

LIQUID IS corrosive' TO THE EYES, EYE SPLASH MAY CAUSE BURNS AND
PER^LANENT EYE DANL\GE. VAPORS MAY CAUSE SEVERE EYE IRRITATION, REDNESS,
TRAEUNG, .\jND BLURRED VISION.

EYE CONTACT CAUSES IRRITATION, REDNESS, TEARING, BLURRED VISION, AND A
SENSATION OF SEEING HALOS .AROUKD UGHTS.

EYE CONTACT WITH LIQUID CAUSES SEVERE IRRITATION, REDNESS, TEARING,
BLURRED VISION AND A SENSATION OF SEEING HALOS .^OLTNT) LIGHTS. VAPOR
EXPOSURE M^Y CAUSE EYE mRTTATION, REDNESS AND TEARING.

DRY DUST iVL\Y CAUSE. MECHANICAL EYE IRRIIATION. .

CORROSIVE TO THE SKIN, CONTACT M=\Y CAUSE SKIN BURNS. M\Y BE ABSORBED
THROUGH THE SKIN IN TOXIC AMOUNTS CAUSING RESPIRATORY F.AQ-U'RE ANT) DEATH.

PROLONGED SKIN CONTACT MAY LEAD TO EXTRACTION OF NATURAL OILS WITH
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RJESULTANT DRY SKIN, CRACKING, rRRITATION A^TD DERMATITIS.
SKIN CONTACT MAY CAUSE IRRITATION, REDNESS AND rTCHE^G.
ACCUMULATION OF SANDING DUST OR DRY SPR\Y OR SKIN MAY LEAD TO

EXTEL^CnON OF NATUR.\L OILS WITH RESULTANT SKIN mRITATION.
' ^LAY BE .ABSORBED THROUGH THE SKIN IN TOXIC AMOUNTS CAUSING RESPEEL^TORY

' F.MLURE AND DRATH.

'

SWALLOWING MAY CAUSE GASTROnMTESTIN.AL IRRITATING, NAUSE.A, VOMTTING .

AND DIARRHEA.

NOTICE: INTENTIONAL mSTJSE BY DELIBERATELY CONCENTR.ATING AND INHALING
THE CONTENTS ZvLAYBE HARMFUL OR FATAL. REPORTS RaYE ASSOCIATED REPEATED
AND PROLONGED OCCUPATIONAL OVEREXPOSURE TO SOLVENTS WITH PERMANENT
BRAIN AND NERVOUS SYSTEM DAMAGE.

CHRONIC:
FORMALDEHYDE IS LISTED BY OSHA AS A POTEZmAL CANCER RKZABD, AG.MN AS

A SUSPECTED HUiVLAN CARCINOGEN (A2), HTP AS RE.ASON.ABLY ANTICIPATED TO BE A
CARCINOGEN .AND lARC AS PROBABLY CARCINOGENIC TO HUTVIANS (GROUP 2A).

SECTION VI - HEALTH HAZ.ARD DATA

HEALTH STUDIES HAVE SHO^VN THAT MANY PETROLEUM HYDROCARBONS POSE

POTENTIAL HUIVLAN HE.ALTH RISKS WHICH MAY VERY FROM PERSON TO PERSON. AS A '

PRECAUTION, EXPOSURE TO LIQUIDS AND V.APORS SHOULD BE ME^QZED.
PROLONGED OR CONTINUOUS O^/EREXPOSURE TO VAPORS MAY RESULT IN HRARING
DISORDERS.
REPE.'MED INHALATION OF V.APOR OR SPR.AY MIST, OR REPE.ATED SKIN CONTACT MAY
CAUSE DIGESTIVE DISTURBANCES, NERVOUS DISORDERS, SKIN ERUPTIONS, LIVER AND
KIDNEY DAMAGE WITH RESULTANT DEATH.
REPEATED OR PROLONGED INHALATION OF VAPOR OR SPRAY NQST, EVEN AT LOW DOSES.

MAY CAUSE REDUCED PULMONARY FUNCTION.
PROLONGED .ANT) CONTINUOUS EXPOSURE TO AN EXCESSIVE .

CONCENTILATION OF DUST
OF ANY KIND MAY HAVE AN ADVERSE PULMONARY EFFECT ON SOME PEOPLE.

SECTION WU - SPILL OR LE.AS PROCEDURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPrLLED:

REFER TO PROTECTIVE MR^lSURES LISTED IN SECTIONS IV., V., VI., vm. A_ND DC.

- REMOVE ALL SOURCES OF IGNITION. AVOID BREATHING VAPORS. VENTIL.ATE

ARE.A. REMOVE WITH INERT ABSORBENT,

WASTE DISPOSAL METHOD: , .

INC1NER.ATE m .AN .APPROVED FACILITY, DO NOT INCINERATE CLOSED

CONT.\INERS DISPOSE OF IN ACCORDANCE WITH FEDER.AL, ST.\TE AND LOCAL •
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POLLUTION CONTROL REQUTREMEMTS

.

SECTION Vrn - safe handling and use INFORi\L\TION

RESPn^\TORY PROTECTION:
ADEQUATE VENTILATION IS REQUIRED. USE NIOSHA^SHA APPROVED RESPIR.\TOR

DEVICE.
SEE YOUR S.\FETY EQUIPMENT SUPPLIER FOR.EVALUATION .\KD

RECOMMENDATION.
IN CONFINED AREAS USE NIOSH/NSH.^ APPROVED AIRLINE RESPIR.'VTOR OR HOOD.

VEimLATION:
PROVTDE SUFFICIENT VENnL.\TION TO KEEP VxAPOR CONCENTRATION BELOW THE

GWEN'TLV .\ND LEL. FOR BAKING FINISHES, EXIL\UST VAPORS E^fflTED ON HEATING.

REMOVE
DECOMPOSITION PRODUCTS FORMED DURING WELDING OR FLAME CUTTING OR

SURFACES COATED WTTK THIS PRODUCT.
PROTECTIVE GLOVES:

REQUIRING FOR PROLONGED OR REPE-VTED CONTACT. REFER TO SAFETY
EQUIPMENT SUPPLIER FOR EFFECTIVE GLOVE RECONCVIENDATIONS..

EYE PROTECTION:
USE SAFETY EYE WEAR DESIGNED TO PROTECT AGALNST SPI-^SH OR LIQUIDS.

OTHER PROTECTIVE EQUIPMENT:
EYE BATH AND SHOWER SHOULD BE AVAILABLE. USE- CHE^GCAL RESIST.ANT

APRON, BOOTS OR OTHER CLOTHING IF NEEDED TO AVOID REPE\TED OR FR£QU"ENT SKIN

CONTACT. LIQUID ^L\Y PENETRATE SHOES AND LEATHER CAUSING DELAYED
IRRITATION.
HYGIENIC PR.\CTICES:

WASH H.'VNDS BEFORE E\TENG, SMOKING OR USING WASHROOM. •

' SECTION IX - SPECIAL PRECAUTIONS '

[

'.

'

PRECAUTIONS TO BE TAiCEN EN HANDLING AND STORING:

STORE CONTAINERS OUT OF SUN AND AWAY FROM KEAT, SPARKS AND OPEN

FL.\MES. CLOSE CONT.AINERS AFTER EACH USE. CONSULT N.F.P.A. CODE FOR

ADDITIONAL STOIL\GE REQUIREMENTS.
OTHER PRECAUTIONS

:

DO NOT TAKE INTERNALLY. USE APPROVED BONDING AND GROUNDING
PROCEDURES. OBSERVE L.ABEL PRECAUTIONS. KEEP CLOSURES TIGHT AND. CONTAINER

UPRIGHT TO PREVENT LEAKAGE.
NEVER USE PRESSURE TO EMPTY - DRUM IS NOT. A PRESSURE VESSEL. AVOID

BREATHING SANDING DUST. DO NOT WELD OR FL.\.ME OUT AN EiVIPTY DRUiVI. DO

NOT H>aNDLE UNTIL THE NLANUFACTURER'S SAFETY PRECAUTIONS RA.VB BEEN RE\D

AND UTNDERSTOOD. - ^ ,,_^,q,

APPROVED BY R.\W- MATERLAL .\ND FORAfULA INFORiVL^TION DEP.ARTMENT DATE; v/2!;'/y /
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Creanova
• Engineering Plastics

Januar/ 1 993

recommendations

Ma eg rial

V55TAMIO X 1377 black 3.7SQ^ (!owar viacosir/): 210-230 'C (410-^5 *B malt Tomperatura

veSTAMlO 9001 black 9.7S04 (higher viscosir/): 215-2+0 "C (420-463 ' f) maU camporaotra

Tubing rraatmenT

Chromate application;

as chin as posstbia - bacausa tha chromata layor has no mechanicai srrangth

as chick as nacassary - co ba sura chax ihe whola surfaco is created

(addirional primers or condixioning ars not nacassar/)

Tubing CemoeraTure

230-23O 'C (446-535 ' F) via induction headng

(biistaring in the plastic must ba avoided)

Cross head conditiona

Draw down ratio or l.S:l Co 2:1

A vacuum should be applied becweon Che stael cube and cha ?A 1 2 to anhanca the applicadon of cha melt co cha steel.

Qq wnstraam conditions

Oiscanca between crass head die and wacar tank may var/. Tne outer PA 1 2 surface and rha adhesion of the PA 1 2 Co steel may both ba

Gontinganc on this distance, in relation co tine spaed 2m. cemparatures.

Additional items of noca

The cross head applicadon of PA 12 Co the cube is rsccmmanded as soon as possible after the cubing ia chromatad, (Optimum would be C

have the chromata craarment in line with Che axxrusion coating)

" TABLE C

VESTAMID"* coated steel tubing processing
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CRENOVA INC. 24 Hoar Emergency N-umfaer: 800-424-9300

.

*

. 24 Hour CHEMTREC Numben 800-424-9300

' ApDroval Date: - Noveinber 8, 1996 Cast: 30158042 Page 1

Princ Date: February 16, 1999 USDS Number: 1300167 01-08

1. ,CHE^^C.\L PRODUCT Aj>rD COMPANV' IDENTIFICATION

Product Name: VEST.AiVfflD - X 7377 BLACK 9.7504

Suppiier/MaxLufacturer:

CRENOVA Inc.
.

Turner Place, Box 365

Piscataway, NJ 08855

Environmental Sc Regulatory Affairs, Information Number: 908-981-5016

2. COMPOSmON/INFORiVIATION ON INGREDIENTS

This product does not contain any components considered to be health

hazards under the OSHA Hazard Communication Standard 29 CFR 1910.1200 or

under the WH^'flS Controiied Product Regiilations in Canada.

3: HAZ.\RDS EDENTIFICATION

*=^'**EMERGENCy OVERVIEW
Fumes from hot processing may be irritating to eyes and respiratory tract.

' POTENTIAL kEALTH EFFECTS

Eye Contact:

Fames from hot processing may cause eye initadon.

' SJfdn Contact:

No hazard expected in normal use.

Inhaladon:

Fumes from hoc processing may cause nritadon. .
,

- Ingestion:



Not applicable; not an expected route of exposure.

FIRST .^TD MEASURES

, FIRST AID

Eye Contact:

"In ca^e of contact, immediately flush eyes with plenty of water. Obtain medical attention

if iiritadon develops or persists. 5.
.

Sldn Contact: -

Wash with water. For hot product, immediately immerse or flush the affected area with .

large amounts of cold water to dissipate heat. Cover with clean cotton sheeting, or gauze and

get prompt medical attention. No anempt should be made to remove material from sJcin or to .

remove contamiaate clothing as the damaged flesh can be easily torn.

Inhalation:

la case of exposure to fumes from hot processing, remove victim to fresh air. If not

breathmg, give CPR. If breathing- is difficult, give oxygen. Get medical actention..

Ingestion:

Not applicable: not an expected route of exposure.

5. FIRE FIGHTING IVIEASURES

Rash point: not applicable Lower Rxpiosive Limit: Not applicable

Rash poiac Method: aoc applicable Upper Explosive Limic: ' Not applicable

OSIL\ QammabiliD/ Classiiicatioa: None . Autoignition Temperamre: >350

Other Flammable Properties:

Dusts at sufiicienc concentrations can form ,eOTiosive mixtures with air.

Extinguishing Media:

Use water spray or fog, foam, dry chemical or C02,

Fire Fighting Procedures:

As LQ any fire, wear self-contained positive-pressure breathing

apparatus, (MSHA/NIOSH approved or equivalent) and full protective gear.

6. aCCID£NT.\L R.ELF.ASE MZASUILES
Steps to be taken in case material is released or spilled:



Allow molten material to solidity and scrape up. Collect material and

place in a disposal container. Obey relevant local, state, provincial

and federal laws and regulations: Do not contaniinate any laices,

" streams, ponds, groundwater or soil,

7. HANDLING AND STOR.\GE
Handling:

Use with adequate ventilation. Avoid breatbing vapors from heated material.

8. EXPOSUP£ C0INTR0L5/PERS0NAL PROTECTION
This product does not contaLn any components considered to be health hazards under the

OSHA Hazard Communicarion Standard 29 CFR 1910.1200 or under the WHLMIS Controlled

Product Reguladons in Canada.

- Engineering Controls:

Use adequate ventilation.

Respiratory Protection:

In case of exposure to fumes in hot processing, use appropriate

NIOSH-approved respiratory protective equipment-

Eye Protection:

Wear safety glasses with side shields.

Skin Protection:

Use Impermeable gloves.

Other Protective Equipment;

To Identify additional Personal Protective Equipment (PPE) requirements,

it is recommended that a hazard assessment in accordance with the OSHA PPE
Standard (29CFRi910. 132) be conducted before using this product.

9. PHYSICAL AND CHENQGAL PROPERTIES
Vapor Pressure : , Not applicable

Vapor Density (Air = 1) : Not applicable

Specific Gravity : 1.0-L2"

Boiling Point : Not available

Melting Pomt : 80 to 220*^0^

. pH : Not available

Evaporation Rate : Not applicable

Other Properties:

Granulate, Odorless. Solubility in water: Negligible. (^)=This
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infonnadon applies to a group of products. Tne data for i±ds specific grade can

be obtained -froiri die Product Informadon. Sheet,

^10. STABILITY. AiND REACTIVITY
Stability:

Tois prodnct is stable under normal storage condidons.

Hazardous PolymerLration:

Will not occur under normal condidons.

Condidons to Avoid:

Qpenmons that create dust.

11. TOXICQLOGICAL PROPERTIES
Other Toxicoiogicai Informadon:

The toxicological properties of. this product have not been fully investigated.

12. ECOLOGICAL INFOR^L^TION
Ecological Information:

No information available.

13. DISPOSAL CONSIDERATIONS
Disposal Method:

Lacinerate. Follow ail federal, state, and local regulations.

14; TPJ^lNSPORTATION DNEORiVlATION
U.S. DOT Transport Information

Proper Shipping Name: Not regulated

15. REGULATORY D^TFORjVL^TION

Tnis product contains the following non-hazardous components:

CAS Number . wt, %

AzacycIotridecan-2-one, homopoiymer 025038-74-8 94

NJTSR No. 5605700001-5 i90P Trade Secret 5

U.S. Federal Reg^ilations

0SK\:

This document has been prepared in accordance with die MSDS requirements



32

15. REGUI-.\TORY INFORMATION (CONTOTUED)
of the OSIL\ Hazard Conununicadon Standaxd.

"ClTsan Air Act Section 112;

This prodiLct contains the following components listed as Hazardous Air

Pollutants:

None.

This product contains the followtng components listed as Extremely

Hazardous Ah PoUuiants;

None,

SARA Section 311/312:

Hazard Classificadon: None

SARA Section 313:

Tnis product contains the following substances subject to the reporting

requirements of Section 313 of Tide III of the Superfond Amendments

and Reauthorizadon Act of 1986 and 40 CFR Part 372:

None

TSCA:
Tnis product or its components are listed in or exempt "from TSCA
inventory requirements.

This producr contains the following Qon-proprietary substances subject

to export nodncadon under Secdon 12(b) of TSCA:

None
. .

State Reguladons

New Jersey:

This product contains the following non-hazardous components subject to

. disclosure under New Jersey Righc-To-Know legisiadon:

^AziicycLotridecan-2-one, homopolymer

NJTSR No. 5670570CCO1-5190P

CAS Number
025033-74-8

Trade Secret
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15. REGULATORY INFOR^IATION (CONTI>rUED)
Permsylvaoia:

This product contains the following non-hazardous components subject
'''"^

to disclosure under Pennsylvania Right-To-Know legislation:

CAS Number
A2acyclotridecan-2-one, homopolymer 025038-74-8

NJTSRNo. 5670570O0O1-519OP Trade Secret

Massachusetts:

This product contains the following substances on the Massachusetts

Substance List:

None

Caiifomia (PropositLon 65):

This product contains the following substances known to the State of

California- to cause ad-verse reproductive effects:

None

Intemahonal Regulations

Summary of Interaational Chemical Inventory Status

Canada On inventory

Europe On mventory

South Korea Not on inventory

Australia On inventory

16. OTHER INFORNL^TION
'

H^nS Ratings: Health - 1 Flammability - 1
.

Reactivity - 0

Ratings Key: 4 = Highest hazard, 0 = Lowest hazard,

* = Chronic health hazard, N =. No rating for powders

NFPA Ratings: Health - .1. Flammability - 1 Reactivity - 0

Ratings Key: 4 — Highest hazard, 0 = Lowest hazard, N = No racing for powders

Key to abbreviations used:

NA Not applicable

NAV Not available

NE Not established

NJTSR No. New Jersey Trade Secret Registry Number
® Registered Trademark owned by or ticensed to CRETANOVA Inc.,

CREANOVA Canada Inc., CRE.A^fOVA Speziaichemie GmbH, or



Rohm GmbH.

16. OTHER ENFORM.'i^TION (CO^^TI^^UED)

TM Trademark owned by or licensed. to CRJEANOVA Inc., CR£ANOVA
Canada Inc., CRJB.\NOVA 5peziaicliemie GmbH, or Rohm GmbH.

Revision Snmmaxy:

The following MSDS sections were re^d3ed since the previous version

March -17, 1995:

Color number added to name

Sections 5, 9 and 10: General dust precautions added.

The information is furnished without warranty, representation, inducement, or license of any

kind, except that it is accurale to the best of CRENOVA Inc.'s knowledge or obtained from

sources believed by CRE.\NOVA Inc. to be accurate' and CRE.'^OVA Inc. does not assume

any legal responsibility for use or reliance on same. Customers are encouraged to conduct

their own tests. Before usiag any product, read its label.

MSDS last page
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TABLE E
^COATINGS FOR STEEL TUBING

1.0 GENERAL
LI Purpose of the Standard

This standard outlines the requirements for coatings applied to the outside and tide diameter
of steel cubing. Tae coatings are applied to the outside diameters of double wail brazed thing

CMS-iS06) or single wail welded tubing CMS-3236). Tnis standard defines the coadng
requirement for cases requiring greater internal corrosion resistance than carbon steel aril

approaching Che corrosion resistance of austenitic stainless steel.

L2 Purpose of The Process

The purpose of the process is co deiine the parameters of material application and thickness to

achieve the corrosion resistance required. A classification of the various coatings is described

in Table 1. Coating I offers superior corrosion and abrasion resistance over Cbadngs n.

Coatings I and 11 shows improved corrosion resistance over Coatings HI, IV and V and VI.

Both coatings V and VI containing Lead Tin are being phased out .over the" next few years.

-Coating V used in non-abrasive areas of some passenger car platforms for brake line

appLicadons and for fuel lines in passenger cars, jeep and cruck. Coating V, a duplex coating

of zinc rich with the heavier Tin Lead Coating, is often used with a mechanical abrasion

resistant zinc coated (PS-77) steel wire cover or odier protective covering for brake lines. The
heavier Lead Tin Coating - 49 g/m* for brake lines, for fuel lines -18 g/m" are being replaced

by hoc dipped ziac aluminum alloy or electroplated zinc. A comparison summary of the

various corrosion resistanc properties and coatiag thicknesses are shown in Table 2.

Aluminum coated armor wire with a minimum coating weight of 60 g/m- per AST^vI A 764

Type A is used- as a further protection for stone abrasion. Armor is expected to be superior to

sJirink wrap for use in abrasion resistance protecdon for Coating I should ic be required. Tne
melt point of Coadng I Polyamide 12 coating is approximately 177 Degrees C (350 Degrees

.F). The general operating temperature for Nylon 12 Is 149 Degrees C (300 Degrees F). Tne
safe operating temperature for the zinc aluminum alloy is approximately 250 Degrees C (4S2

Degrees F). The aluminum rich coating is cured at 254 degrees C co 275 degrees C (490

degrees F to 527 degrees F). The polyvinyl!dene or poly vinyl fluoride coating is cured at

240 degrees C (464 degrees F). The zinc chromate coadng is cured at 190 degrees C (375

degrees F).

ZJlBLE I: CL.^S2FICA110N OF VAJUOUS EXTERNAL COATINGS AVAJL\3LS
(S<e para l.JJ~Desi^TU2iwn Cades)

COATING CODE DESCRIPTION

I LZ flat dipptd zinc ailoy coaiini^ foiiow^d by an exa-iuied paiyamide Nylon 12 coding.
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u VE ELtciropiaxed zLne Qoaxin^ or hot dipped tine aUay ciiadn%^ faUawisd by a paiy finyi flttaride or

poiyrvzyildene Jluorid^ coahjig

TABLE I: ClASSlrJCillON OF VARIOUS EXTERNAL COATINGS AVAILABLE
(See para 1 :3J-Desi^Tuiiion Cades)

COATING cons VESatLPTJON

m ' AZ Sot dipptd zinc allay coadni^ foilawed by an aiumbuLm nxrh-or^anie coann^

NZ Bat dipptd zinc aUoy

y CT, CH A duplex coaxing consishng of a Led dn ailoy coating fallowed by an organic coaang caniaining

cnronuxies and dnc parricles farmeriy PS-7Q69

vr NT. NS A hat dipped lead cin coming /ormeriy PS 9Sd

TABLE 2: SVMjSdART AND COA^AJUSON OF VABJOdS EXTERNAL COATINGS AND THELR
CORROSION REQUIRE^dENTS

COATING CODE DESCBnmON CORROSION RESISTANCE TmCJOTESS OUTER/INNER

I IZ Ezcnuied polyamide

Nylon 12 poiyamidtt

over hot dipped cine

aluminum alloy

coaang

Paragraph i.i

A) 2000 hours knife cii£ sail spray

AjST^i aU7. No lifting or

delaminadan of coadng. Red nist is

aUoyyed only ai knife ciU.

3) Fuel Soak Tesdng SOO hours

ascribed and not scribed per S.LB.

C) Graveiomeier -13 Det C (0 De^
F) SAE J4Q0 J pinis, I5Q0 hours

ASTM 3-117. No lifting or

dekimimUion of coaiin^. Red nist is

allowed Qtdy as gravel impacted area;

5% of impacted areas, /ruiximum,

O) Graveiamexer and cyclic saii

spray ASTi't 3-117 5, 5. j\ S, pinxs,

400 hours. No liftin^g or

delaminaaon of coaling. Red ruse is

allowed only u '^rayei impacted area;

.10% of (he impacted areas^

maximum.

E) 170 cycles burst 13,739 kPa (2000

psi) minimum for 3rakelineS^

Functional for fuel lines, power

stettrin^ and transmission od cooler

lines.

Paragraph 4.1 Nylon:

0.170 mm (0.0067 inch) minimum per

.ASTM 3 437,

4.23

Zinc S'Tv Aluminum alloy

J.2 microns (0.0002 inch), 36

g/meter squared minimum per AST!d^

A 90.
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TABLE 2: SUMMARY. AND COMPARISON OF VAJUOVS SXXSRNAL COATINGS AND T3EIR

CORROSION REQUmEMENTS

COATING CODE DESCRfPnOiS CORROSION RESISTANCE TmCKNESS OUTER/INNER

U FE, YE Foiyvijxyi fluoride or

poiyrinyiidane Jluoride

tdxcanpiazed one.

Pamgraph 5S
A) 400 hours knife cut salt spray

ASTM a-U7

B) Grtuiiomeur -IS Dt^ C (0 De^ '

P) 1 pin 1000 hour: no red rasi at

gravei imparird arnas

Paragraph 4J 3 and C Pluaride

coaxing 10 microns (.0004 inch

minintam per ASTM 3 4ii7:

ElecTopiotfd one 25 microns (0.001

inch) minimum for }dS'l^08 and 13

microns (J)005 inch for MS 3235,

minimum coaxing 130 g/meter squared

and 90 g/meter squared per ASTM A
90 FOR nts-1306 and MS-3235

respeccTTely.

U FZ, VZ Paifyiityi fluande or

poiyrutyiidene Jluoride

/•fyiHiwv aver hoc

dinpvd zUtc aiiurtinum

alloy.

Paragraph J_2

fij 400 hours knife czi£ salx spray

.iSTM 3117

3) Qrayelomjeser-n De? C (0 Dig P)

SA£ J4f}0 I pint and saii spray per

.\STM 3-117 shad meei 1000 hours

wUh no red nist.

Paragraph 4.2C

A Fluoride coaling 10 micros (.Qi}04

Inch) minimum per ASTM 3 437.

4.23 Zinc aluminum alloy

5.2 microns (.0002 Inch), 36

gfmeter squared per minimum

per .iSVd A 90

m AZ AUimumm Rich ofer

hot dipped zvtc ;

ahiminum aJlay

Requir^mena (a Paragraph

jJIA, 3 abor^.

Paragraph 5^C
360 hours sail spray per ASTM 5-

117 no more lhan 1% red rvsz orer

any 25.4 mm {I inch) length

compared to ASTM D 610, .PUue 6

Paragraph 4.3C

Aluminum rich coaxing 3 g/meter

squared (.026 oxJsquare foot).

Paragraph 4.23 Zinc aluminum aRay

5.2 microns (.0002 inch). 36 gjmeter

squared per minimum per ASTM A 90

TV 3o€ dipped zinc

aluminum alloy

Paragrtsph 5^C
360 hours sail spray per AST^i 3-

11 7 no more than 1 % red rust aver

any IS. 4 mm (2 inch) length

compared Co ASTM D 610, Ftaie 6

Paragraph 4.23
5.2 microns (.0002 inch) minimum

per ASTM 3 4S7 Coating coverage

minimum 36 gjmeter squared per

ASTM A 90

V CT, CS Zinc chromme ovtr

hot dippid taad dn

alloy

Paragraph S3A
200 hours resisuxnce la red rust and

shall show no more than I base

mead corrosion 1.3 mm (.OSO inch)

in diameter or Larger in any area

SQO square miHimeter (.77 square

inch) when tested per AST^i 3-117

Paragraph 4.4D

15 glmeier squared (05. Odsquare

foot) minimum organic zinc chromaXe

Paragraph 4.18,

31 g/meier squared Ud-dn over MS-

1806 tuning or 13 g/meter squared

(.06 ozJsquare foot) per ASTM A 309

over MS-3225 cubing.
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TABLE 2, SUMMARY AND COMPARISON OF VARIOVS EXTSRNAL COATINGS AND T3EIR
COJUtOSION JtEQUrREMENTS

. . COATING COVE DE3CJUmON CORROSION RESISTANCE TSICXNESS OVTER/INNER

VT NT, NB Hot dipped lend dn

aUoy
No reqturemeTta.

Less than Z4 hours in sadt sprnj to

rtd rust per AST^i B 117
(Eniginesrvx^ Refemitcs

Characterisac).

—

Paragraph -/_5

49 s/meier squared Uad-^ {0.16

az/iquiin fooi) pa- 1^-4613' 102
appiied orer MS~IS06 tubing and 13
S/meter squared (0.06 oz/square foot)

per LP-t6t3-lQ2 aopiud to i^323S.
.AST!yfA309.

1.3 COVERAGE OF TmS STAiyDARD

This starzdard describes the methods for corrrision prr^Uction a/ tubing used for a^fno^e bmkz and fuel lin^, tmnsTmssion od cooler
Lutes, and power steer^^ Ones. The ^n^eerin^ coadn^ designation codes, process far appifi^ the coann^, requiremeitts of
ap^ora/ic*, caahn^ -^ei^hl and thickness of the indi^iduai coatings, and the corr^-ion resistance from the combinadon of coannf coaan^ are

1.3.1 COATING DESIGNATION CODES'"*

Any requirements zhown on Che part djrrwin^ shad take precedence over th^ requirement specified in this standard. The foBowing codes
snail be appiied to the in^pnearin*^ pare drxxwini^.

Coating Designation PS-36SS XT:

X - First L^iUr, Outer Coating;

P' Poiyrinyi Fluoride - PVF
V-Polyitinyiidene Fluoride - PVDF
A'Ahtminum Rich Organic

C-Zinc Rich^ Chromate Organic
N'No Top Coating

L-Nyion 12 Poiyam'tde
~

Y-Second .Letter, Inner Coating:

E'Electropiated Zinc-

Z-Z£nc 5T» Aluminum Alloy-flat Dipped
T-Uad'Tui .Mloy Hoc Dipped- 13 ^rrr
H-Lead-Ttn Alloy Hot Dipped-49 g/ir?

Z-Third Utter. Coadng appiied to Inside Diameter of SlngU WaU Electric Welded Ttibinig (Third letter is only used to specify requirements
for ID coating, such as nickel piated coaditg. When a third tetter is not used, an ID coating is not used, an ID coadng is not specifUd).

I (0,000 ISO Inch)

C-Cppper Electroplate, 3.3 microns minimum (O.QOOISO inch) on both surfaces

N~Nickel EUctraplate ZD Tubing, 3.3 microns mimmnm (0,000 ISO Inch)
U'Uncoated
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For ixampiAz

I'S-^6SS AZ^ Dejignaies an ahiminxun rich coaxing appOed to a nnc aiundimm aHay coated tubing.

PS^JSSS L2: Designates an extruded Nyio/t 12 polyamide coating applied Co a dnc ahiminum coated tubing.
'

' ^Sr^638 iVH": Designates a Teme coat over the tubing and no topcoat oyer the Teme, Coating weight of lead - dn aEoy is 49 g/nP,

J*S~S63ti PZj Designates a polyyinyi fluaride coating applied over a zinc aluminum allay coating tubing.

J*S^6SS CE: Designates zinc rich organic, chromate coating applied to a Uad~dn oEay coahng. The coating weight for the lead-dn is 49
g/'rrr.

J'S^'i633 LZiY: Designates an extruded Nylon 12 polyojnide coating applied to a dnc aluminum coated aibing. The ID of the tubing is

coated with a deposit of 3.3 microns minimum of nickel electropUue.

J*S-3633 FS^: Designates a Polyyinyi Fluoride over electroplated zinc on the outside diameter and 3.3 microta minimum of eiecsropiaud

nic±ei applied to Che inside diameter of the tubing.

2.0. COATING PROCZDUJiES"^

The processes utilizsd in this specifzcatian are referenced here and in the teciiom referenced.

ZincSIeetropiated (PS'79) per Paragraph 3,1

95% Zinc•$ fa aluminum alloy hot dip per Paragraph 3.1 (Table 3. Paragraph 3.2)

Dichromate Conversion Treatment (P^IIQT) per Paragraph 3.3

Fluoride Coating per Paragraph 3.4

Nylon - Nylon 12 Polyamide per Paragraph 3.5

NicJcei Beciropiaie (ASTM 3639-90) per Paragraph 3.6

Aluminum Atc/t organic coating per Paragraph 3.7

Organic coating containing chromates and zinc parricies per Paragraph 3.3

Lead - tin alloy coating per Paragraph 3,9

Appearance, Coating Weight, and Thickness of the .Coatings and defined in the section 4.

Corrosion is specified in sscdon j,

3,0 PROCESS

3.
J' ZINC OR ZINC ALUMmi/M ALLOT COAHNG PROCESS

Zinc tiectropiating shall be in accordance PS-79. The zinc aluminum alloy hot dip coating process shall use a 95% 3nc - 5?^ aluminum

alloy per paragraph 3.2 (Table J).

3.2 ZINC'ALUMINVM ALLOY

TABLE 3: ZINC ALUMINUM ALL07 COATING CHEMISTRY
(INCOiVONG INGOT), PERCENT)

Aluminum 4.7-5.2

Lanthanum 0.02 - 0.05

Cerium 0.01 't}.04

Others • each 0.005 mas.

' Zinc Remainder
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3J CmtOMATE CONYERSlOiS TREAn£Eirr

FoOawint :wc iUctropluiijig coahfig J^c^ 3J the surface, shall be oiire drnh chntmaXe chemical canrerrian QrmUd per J>S'1207
^Foaowmg Che line aluminum aHoy caaiiit^ pnjcesr 3^ an optianed chromate chsmicai Srzaimunt ptr FS-12Q7 is pamissibU.

3,4 FLUORIDE COAIWGS ' ...

AJiiwride coaxing zhaR be appiijsd to the ouaide diameter of the tubing. Ehher the poiynnyl fluoride or the polyrinyiidene fUxoride
coanjtg is U} he used as a top coaxing. The tap coaxings an, appUed aver dnc or dne aluminum aOaj coaxings.

ij N7LON COATING^"

The ityian poiyamide 12 coaxing 'ihaE be appUed to die outside diameter of the siting. li shad be used as die top coadng. Tne Njion U
is szmided over the zinc aiumijxunt adoy Fjiugraph 3.2 (Taisle 3) coaxed tubing. Friar to the exirusian of iSyion 12, an appilcadon of the
primer shall be used to promote adhesion and corrosion rzsisUince of the aibing,

3.6 lYJCCEZ: COATING^"

Tne nickel coaxing is used for LZN or /»SV or AZ^. The nickei coahng shad be applied to die inside Jiameser of the tubing. The aickd
coadng is electro deposited per ASTM 3639-90 to the low carbon steel subsxraxe. The nickei coadng shad be free from pixs or blisters.
The strip shad wixhsuind a 180 degrees bend o^er a radius equal to cwice the thickness- of the strip and mtum wiihdtix showing any
peeling or lifting of the nickei when ixamined ander a lOX magni/icadan. Mlmmum thickness is 3.3 microns (9.000150 inch) free or
diffused Nickel. Nickel reflows oyer the rssisUince adre weld to mainxain ixcepdanai corrosion imsuince at the inside diameter,

3.7 ALUMINUM - RICK ORGANIC COATING

Tne aluminum rich organic coating shad be applied to the outside diameter of the dnc aluminum adoy Paragraph 3.2 fTable 3) coaXed
tubing. The tubing shad be baked to cure the aluminum rich organic coating.

3,3 ORGANIC ZINC CHROMATZ COATING FROCESS

Tne coaxing consisting of zinc particles, chromax^s, and organic material shad be appiied to the outside diameter of the tubing. The
tubing shad be baked to cure this organic coating to a coverage of Faragraph 4.4D.

3.9 LEAD-TIN ALLOY COATING PROCESS

The coaxing shad be applUd to the ouxside diameter of the tubing. The tubing shad be cleaned and immersed in a fluxing solution. Then
the tubing shad be immersed in a molten badt of Uad~tiji adoy which contains a minimum of the 'percent dn as defined in Fara^ph
"^.-i.C, The coated tubing shad be washed as required to remove any residual flux.

-i.Q aUAUTY (AFFEAJIANCE. COATING yWGHT, AND IWCXNESS OF COATINGS) <S> "~
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4.2 ^^yian 12 ^aiyamide Coaxing over ^iitc-tUumvuun ARay or Nyion 12 Foiycunide cocuits otct Tinc'Mumuuiin coaHitg applied to

Nicxei ID coaud tubing.

A- Ciilar shall be black unless oihenvise specified.

Tnickness and coating coverage of zinc -alloy coann% parapnph 4J2^. .The minimum coaxing coverage of the nickelW coating

per paragraph 3,6.

C 77te mnimum coahng corerage of the Ceylon 12 poiyamide coadng is 0,17 mm {0.QQ67 Inch) minimiLM and shall meet the OD
requirements of TabU 4.

TABLE 4: ^lAXBWM ALLOWABLE OXTTER DIAMETER FOR T3E COATED TOBE
FOB A GIVEN TUB£ SIZE <S>

TUBE SIZE, NOxWNAL COATED TUBE OJ).. iKfiZ.

4.76 mm' 5_2J mm

6.0O fJim 6.J2 mm

6.jJ mm 6.37 mm.

7.94 mm 3.46 mm

^.OO mm 3.52 mm

9.S3 mm 10.05 mm

10.00 mm 10.52 mm

11.11 mm 12.65 mm

12.70 mm 13.24 mm

. 14.29 mm 14.33 mm

IS.SSmm 16. 42 mm

4.2 Fluoride Coaxing oyer Zinc or Tine Aluminum ABay

A. Color shall be black or alive drab unless otherwise specified on the engineering drawing.

a. The thickness of the eleciropiated zinc is O.OOl Inch (25 microns) minimum for MS-1306 O.0t}05 inch (13 microns) for L)dS-3235.

The minimum couxmg coverage is ISO g/rrr and ')0 gim2 for MS'ia06 and ^3-3235 respectively. For the Zinc S'^o Aluminum

Alloy coaxing, the minimum average thickness is 0.0002 inch (5.2 microns); the minimum coating coverage is 36 g/nf per A^TM .-J

iW. <5>

C, The thickness of the fbiaride coating is 0.0i)04 Inch (10 microns) minimum per ASTM BdS7.

4.3 Aluminum Rich Organic Coating Cher Zinc-Aluminum Allay.

A. Color shall be silver-grey unless oehenvise specified,

3. Thickness and coating coverai^e of zinc-alloy coaxiag paragraph 4.2.B.

C. 77ie minimum coating coverage of the aluminum rich organic coating is 3 g/nf (0.026 oz/fi.2) per



AS72i A 90.

4. 4 Duplex - Organic Coahn^ Coniainin^ Zinc And Chromate Fardcles AppUed to A. Z^tad-Ttn ARoy Caadng.

"H-- , Color ^ The color shall be grey or grse/t unlas othirwiss speci/idd.

3. The nditintum coahn^ covmige is 21 g.m2 (OJO otjf^} for cJte Uad-dn coatat^ appded to }iS-1306 dauhU waU hns.sd tubing. The
muibmun coaxing coverage is 18 S^rrT (0.06 <nlf^) for lead tin coaxing appSed Co jkS-jZlS eiecxric resistance weidtd tuJting per
ASTM A 309, LP^61M'l02.

C. The composition of the lead-dn alloy shall comsist of 22% mimmum dn ojtd baiancs Uad for caaXing applied oyer MS~1806 double

wall bmzsd tubing and 7% minimum tin and haiancs Uadfor coaxijig arer singia wall tubing.

D. The minimum coaxing coverage of the organic dnc chromaxe coaxing is iJ g/m^ (0.05 oz^IfLl) per ASTM A 90.

E. The coaxing shall be free of bare spots visible to the unaided eye.

4J Lead-Tin Coated Only Parts

Liad Tilt rtquiremenxs to paragraph 4.4,3 except Che minimum coaxing coverage is 49 ^'m^ (0.16 ordft) for the Uad tin coaxing applied

to (MS- 1306) doubU brazed tubing. The minimum coating coverage is 13 g/nt^ (9.06 azJf^) for Uad tin coaxing applied to ddS'3235

electric resistance welded cubing per ASTM .A 309, LF-461H-i92.

4. 6 Workmanship

The finai caahng shad be smooth^ eyen, and free from cracJcs, blisters^ pinholes, wduies and other harmfui defects. Coverage shaR be

uniform in appearance and complete.

4.7 Axihesion and Ductiiity

The zinc or zinc aRay or lead-tin ailoy shall have good adhesion to the substrate and to itseif, and show no tendency toward flaking or

peeling when tested in accordance with AST^f Standard Test t^fethod 3 571.

Make a cross cux paxterrt on the coaxing to the tubing then take test over the cross cut. Check for any separaxion of the nylon or fluoride

or aluminum rich organic or zinc rich organic coating.

4.3 Ferroxyi Test

The tin-lead ailoy coaxed cubing shall be free from ancoaXed spots. Any uncoaXed areas which are visible to the unaided eye at normal

reading dtuince shall be considered unsaCisfactory and suff^ienx cause for rejection. The presence of uncoated areas may be ferifUd by

the Ferrtyjr/i Test, Chrysler Laburatory Frocedure 461 SSO.

5.0 COHROSION RESISTANCE"'

5.1 Nylon 12 over Hot Dipped Zinc Aluminum ARoy

A, Tubing shall show no lifting or deiaminasion of coating; red rust is allowed only at knife cul after 2000 hours per ASTM 3'117.

3. The OD tube causing shall show no lifting or deiaminaxion when cut and peel tested after fluid soaks in



TahU 5, shown below, far 500 hours. After soak testing, <rji and ptti (est by saibvtg cwa longitudbial hdfe aia at 0.093 bich (2.3mm)

separaxioti aiui cuaing ai 90 daises to e/fect a £aa start section of Nylon 12 caatinig. After testzjtis bt fluid soaks per Table 5, Nylon 12

' ma% lift when pulled /or Uss Chan 6.3S mm (0.2S inches) and then tear. No adhesive failure to base meiaL is permissible. Cohesive

failure thru primer is acceptable.

Evaluation ofID corrosion for coaxing such as Nickel piahn^ ai 3.3 microns (0.00015 Inch) minimum thickness after soak per Table 5

for 500 hours shall show no red rust or pitting after 500 hours izposxtre in soak fueis referenced in Table 5.

TABLE 5: SOAX FLUID FOR TESTl^fG NYLON 12 ADOESION ORW CORJtOSION

1. Cniifomia Fhase 2 Reformulated G*isoline per .ViS-^lSS

50i) ppm (0.05%) Sulfur as OTffJ - DUerdary Busyl DiSulphide added to MS-^36Z

3, DisdRed Waur

4. RFG -r 3ucyl peroxide and laurayl peroxide (2.6 ml BuryI hydro peroxide per. liter ofRFG per MS-9363 or 10.4. ml lauroyi

peroxide per liter of RFG per ^^3-936^)

5. Ur^ SOS per :yiS-W04 Cdrdficasian (Bmde -^22% a?yr«xiv# •ithanol {Refer to Notes I and 2).

6. SOS per iVlS'iW04 Cerdficadon Grade ^ 35% aggressive eihanai (Refer lo Notes 1 and 2),

7. $as per i\iS'3QQ4 Cernficannn Grade ^ 50% aggressive dthanal (Refer to Notes 1 and 2).

3. MS-4957 Calibraiion Fluid

9. Leaded gasoline - indolence 30 or i\dS~300d with 3 sfoms per potion lead

10. Fuel C (50% iso octane, 50% taiuene)

U. TF2 (Dupont Waiver Fuel) (Refer to Note 3)

12. i^S-9443 high cetane diesei fuel with 0.2% sulfur by weight

13, MS-M3 high cetane diesei fuel-highly paraffinic, >90% parafjbu >5SCN

14. MS-9443 high cetane diesei fuel-highly aromatic-made with highly aromatic cycle oil>50% aronuidc, >ijGV, 0.15% organic

cetane improper

12. lifiS-high ceujne diesei fuel-highly aromadc-as aboye wiih 2% hy volume ag^essive water.

.16. aiodiesei 100% (Rape Sued) . .

17. Siadiesel (Rape Seed) with 5% by volume ^iS'9443 high cetane diesei fuel

13. Biodiesei (Rape Seed) with 20% by volume high cziane diesei fuel

Note I: AGGRESSIVE ETHAx'fOL • 995 ml fuel ^rade sthanol (98% ABM Archer Oanieis Midland), add 5 mi a^sressive water

(equrfoient to IQQO mi aggressive eihanol)..



44

TABLE S: SOAX FLUID FOR TESTING N7LON 12 ADSESIOtf OR ID CORROSION

Note 2: dG^JRESSJVS WATER - I liier disdUnd water, ad I grnm Nad, add 0.9 gmm Na^^ add 23 ml 3X00H concenrrmed
acetic acid ' ^

Note 3: DXTPONT WAIVER FUEL tn - iJ% volume oUfimc 45^50%, add yoium^ aromatic, add S% mliune mj^thturcL add 2^%
voiume ethaitoL

Water Separation Testing

Procure Fuel i. Unleaded gas^per MS-SOO^ Cenifkadon Gmde ^22% aggreszife eihanoi atxd add 2% agS««rye water. Taifar 1000
hourz and deiermxite extent of corrosian such as red rust or pixtin^.

ID Coaxing or Maieriais fotntd satisfactory to this standard

TABLE 7: MATE:RIALS TESTED .itVi? FOUND ACCEPTABLE TO TEUS STANDARD

Nickel 3.3 mm mi/iimum u/idiffused (unalloyed) and nicJcel '5.0 /nm minimum diffiaed (allayed)

Copper coatedW deyeioped from double wall copper brazed stezl awin^

Nickel 3.3 mm mxnimum undiffused (unalloyed) and nickel 5.0 mm minimum diffused. (oBoyed) Copper coated id developed from a double
waB. copper brazed steel Cubing

C. Gnrrelometcr test per SAE 1400 (LP^63P3-39-01)

Fvve (5) pints at with 13 De^es C (0 Decrees F) and' salt spray per 3-U7 shall be tested for 1500 hours. Red rust is oBowed at
gravel impacted areas; 5% of impacted areas, maximum,

D. Grareiomcser Saiz Exposttre Test

1. Test iubes per GmreiomeUr test - SAE 1400 CLP^63P3-3P-4>1) five (S) pints at 4fr2 kPa (70 psi) and aides oriented at 45 dep-tss
from the aazzie^

2. Expose tubes to 43 hours salt spray .iSTM 3-II7.

3. Within 2 hours foOowinig removal from salt spray, expose the tube Co /rve (5) addltxonai pints with gravel per SAE J400 (LP~f63P3-
39-01) ax 432 kPa (70 psi) and tubes oriented at 45 degrees from nozzle, allow the cube to condition for 24 hours at room
temperature.

4. Ezpose the cube to 1^ 2 and 3 one additionai time.

5. Expose tubes far 400 hours.

6. Test Nyion after txposure by puBing. Nylon may lift when puBed for less than 6J5 mm (.25 inches) and.ihen tear.
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7. After sxposure, no liftuig or deiamuu2£ion of coaivt^ is allowed. Red rust is aUawed only ai gravei impacud ansa: 20*% a/
impacted arsaSr maximtujt.

E. Chrysler Fraying Grauwl Vthicis Corrosion Test LP^61H'll7 for 170 cycles or the test equivaient of 10 yean of aperaruin.

Burse strength of brake lines shaU be greater than or equal to 13,739 XFa (2000 psi). Fuel lines, power steering, and (ransmtssion

od cooler lines shall be functional after the test,

5J. Fluoride (Paly vinyiidene fluoride or polyvinyl fbwride) oyer Zinc or Zinc Aluminum Alloy or Aluminum Jtich oyer Zinc Aluminum
Alloy, or Zinc Aluminum aQoy.

A. Fluoride oyer ZIne or Zinc Aluminum Alloy or Aluminum Rich aver Zinc Aluminum ARay (A^, 3)^ Salt Spray corrosion resistance

per AST2d 3-117 shall meet 400 hours resistance ta red rust ax knife cut crass scribed or circitmferendaRy scribed to aining

surface.

5. Fluoride ovtr Zinc or Zinc Aluminum AUoy or Aluminum Rich oyer Zinc Aluminum AMoy (U» 3), Graveiometer test per SA£ J400
1 pint at ' IS De-^es C (0 Degrees F) and salt spray per AlSTM 3-117 shall mess lOOO hours with no rvd rust at grajei impacted

surfaces,

C. Far zinc aluminum alloy, -salt spray corrosion resistance for 360 hours salt spray per ASTM 3-11 7 no mart than 1 % red rust oyer

any 22.4 mm (1 inch) length compared to AST3d D 610, Plate S.

5.3 Organic Coating Containing Chromate And Zinc particles Over Lead Tm AUoy

A. The final assembly or part shall be capable of withssandins^ 200 hours resistance to red rust and shall show no mare than one base

metal corrosion spot^ 1.3 mm (0.060 in.) In diameter or larger in any area 500 mnt^ (0.77 square inches) when Salt Spray tested

per AS-n^I 3-117.

3.4 Nickel Electroplated coating at inside diameter of Tubing

Nickel plating 3.3 microns (0.00013 inch) minimum thicJauas shall show no red rust after 30O hours tsposure in soak Juels referenced in

Section 3.I.B.

•6.0 CONTROL

While samples may be taken from incoming shipments and checked to the requirements of this specification, the supplier shall accept the

responsibUity for meeting the stated requirements without dependence on the purchaser's inspection.

Production lots shall be equivalent in every respect ta samples initially approved^ and any change in Materials or Processing or Processing

practices require resubmission of sample para.

7.0 GENERAL INFORMATION

Three asterisks after the paragraph header denotes multiple technical changes to the paragraph. A triple asterisk before and after a

string of test (""text"') identifies a single change.

Certain important informxitian relative to this standard has been included in separate standards. To assure the processes submitted meet

all of the Chrysler reqtdremena, U is mandatory that the requirements in the following stantlards be met.

cs-noo -

CS'9801 .

CS-9003 •

Application of this standard, the subscription serrice, and approved sources

General quality requiremenis

Regzdated substances and recyciability
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WUhin £rtgin«jiny Siojtdards, the designations <S>, <E> , <iY>, <r>. or <B> wtff 6* suhszixxtledfar the Safety. Emission^
(Vbtre, TTtff/i l^eyeruwn, or Somoio^aaan Shields rapemely. The desi^jtaaons <i3> and <J>> wHl be substituted far the Dianwnd
ami Pentagon symbols rsspecareiy.

' JTrii standard has safecy. noise, emissions or theft prrrcntion si^nificancs ovtj when appropriate drawings depict the coating with a
safety shield. It is nezassary to rsviey^ the part drawing to ascsnain which parts of a standard have safety, noise, emission or theft

preyension significance. Paragraph nxunbers in this standard shaU not be dmged wiihaux first reriewing the para^rxtph reference on ail

affected drawtjigs.

Processes shxxil oniy be purchased from those sotirea listed under EngineeriMg ApprxTfed Source ZiiX.

3.0 JiEFERSyCES

cS'9fm CS-99»J

LP^SlB-m LP-uiS'Ur
.
LP-f6j:a~3i)

MS-1306 ^5-3233

PS-77 PS-79 PS-1237 QS-9000

ASTM Standard Methods:

A 90 Weight Of Coating On Zinc-Coated (Giivanizsd) Iron and Steel

£ 117 Salt Spray Test

B 487 Microscopicai Cross Section (I)

B 499 Magnetic Method

3 204 Cotdometric Method
3 371 Adhesion of Metallic Coatings

3 639 Electroplated Engineering Nickel Coatings

E U 32^37 Cat Secdon Method

A 309 Weight and Composition of Long Teme Sheet by the Triple Spot Test

764 Meioilic Coated Carbon Steel Wire

TTTA Test Method for Nylon 12 adhesion testing

Bundy Test Method for Nyion 12 adhesion testing

(1) Permissible Co utilize the minimum average technique around the circumference of tubing Co measure coating thickness.

SAE Standards:

J400 Grayeiometer Test
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Section 5. tA - Scribed chen 2000 Houn SMtV^
^ ^

Specimen

'>fuaib«:r
Rssuiu Aitcr 3aJt Fog

I No liAiof or deiaminacion between cho primer and the ZaM aibstnte

No lifting or deiaminauon between cha primer and the ZaAi aibstnie

J No Liiting ar deiamiaauon between {he primer and the ZaAi substrate

+ No lifting or delamuuuon between the primer and che 7.aAl snbiUnjie

5 No Ufting or deiaminauon becween the primer and ihc ZaM sobsinn:

6. No Lifting or deiaminauon between che primer and the ZaM substrate

Requirsment No lifting or deiaminauon between Che pnincr and the ZaM substrate

-^1) California
^ av.Mwii »jt.LiUcu, Lnea cioura x*net ^oaic

^aae 2 Retbanuiated Gasoline

Specimen

Number
Rssuiu A&st Fuel Soak

1 No lifting or deiaminauon between the primer and the ZaAl subsuTiie

2 No lifting or delaminadon berveen che primer and the ZaAi subsiraic

2 No lifting or deiaminacion between che pnmer and the ZxiAl subsuntc

4 No lifting or deiaminacion between che primer and the ZnAJ nibstxaLe

5 No lifting or deiaminacion between the primer and the ZaAi substrate

6 No lifting or de laminadon bcr^een che primer and the ZaAl substrate

i^i<tuirnment No liiting or deiaminacion between the primer and the ZaAi substrate

nase I Aecocmulatca Gasoline -f- U.Uj '-i Uiterciar/ Butyl Di:iuipniac —

'

Specimen

Number
Results A&CT Fuei Soaic

I No lifting or deiaminauon bec^cen che primer and the ZaAi substrate

2 No lifting or deiaminauon between the primer and the ZaAi substrate

3 No lifting or deiaminatioa between the primer and the Za.Ai substrate

4 No lifting or deiaminacion becween Oie primer and the ZaAi subsu^tc

5 No lifting or' deiaminauon becwesn the primer and the ZaAJ substrate

6 No lifting or deiaminacion ber*«ea che primer and the ZaAi substrate

Reauiremenc
[

No lifting or dciamindtton between Che primer and the ZoAJ aubstnw
fJ) ilJiiOiiied 'wiur

"— —

Specimen

Number
Resuila "AftcfPuei Soak

1 No lifting or deiaminacion berveen the primer and the ZaAi substrate

2 No lifting or deiaminacion beween che primer and che ZaAi substrate
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3 iVo lilting or deiaminadoa bcr*ccn the ptimer and the ZaAl jubsaato

No Gfting oc dclaminacion becwcen the primer and the ZaM subsorats

' '
5 No- lifting or detaminadon bccwcen the primer and the ZaAI iubsuate

6 No lilting or dclamination bcnvccn the primer and the ZnAl nth<rr"'T

quinineat No' lifting or dclaminaiion becweea the primer and the ZnAJ subsoaio

ji^4) Coiiibrma i'haac 1 Rrc'onnulatcd Gaaoiinc -f- 0.16 f» Bucyt Hydro P^rOTCido

SDccimcn

>fiinibcf

Rcauita After Fuel Soajc

1 No lifting or Jciamination bccu/ean the primer and the Za.\l suhistraic

No lifting or deiamination bcrvcen (he primer and the ZaAl subsciau

3 No lifting Of delamination becweca the primer and the Z*iAI subatiaie

4 No lifting or deiaminndon becwccn the primer and the ZtiAi castrate

5 No lifting oc delamination between the primer and the ZnAi substrate

5 No lifting or dctamiaadon becwccn the primer and the ZaAl substrate

Raquirsment No lifting Of delaminadon between the primer and the ZoAl substrate

M5) Qnleaded Gaa -r 22^^* AggKSBive Jithanol

Speci-men

Numfacf

Results .\fter Fuci SoaJc

1 No lifting or deiamtnauon becween the primer and the ZnAl substrate

2 No lifting or detaminadon between the primer and the ZnAl nibstratc

3 No lifting Of delaminadon between the primer and the Zn.Al substrate

4 No lifting or delaminadon bcrween the ptimer and the Zn*Ai substrate

No lifting Of delaminadon becween the primer and the ZnAl substrate

6 No lifting Of dclamixiation becween the primer and the ZnAl substrate

No lifting or delaminadon becween the primer and the ZnAl substrate

Specimen

Number
Resuits After Fuel Soaic

I . No lifting or delaminadon between the primer and the ZnAl substrate

2 No lifting Of delaminadon between the primer and the ZnAl substrate

3 No lifting or delaminadon between the ptimer and the ZnAl substraio

4 No lifting or delaminadon becween the primer and the ZnAl substrate

5 No lifting or delaminadon between the primer and the ZnAl substrate

6 No lifting Of delaminadon beween the primer and the ZtlM substrate

itsquirement No lifting Of delaminadon between the primer and the ZnAl substrate
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ITTy Uoleaded Gaa ^10% Eihaaol

Specimea

Number
Rssuits AAcr Fuel Soak

- " i No lifting or dclaminauon becween the primec aad the Z:iAl substrate

1 No lifting or deiomination b«cwe«n the pruoer and the ZnAJ aibstnce

1 No Ittt^Pi; or delaminagoo berveea the ptimec'and the ZaAi substrate

4 Mo ILftin; or delamimuoa becweea the pdxnBr and the ZaAl substiate

5 No lifting or delamioAcioa becween the pcimer and the ZnAl substrate

6 No lining or delomioacioa bccwcen 'iie pdmer and the ZnAi subsoate

Requirerocnt Mo lifting or deiamination bcrween the primer and the ZaAi substrate

#a) lOO:^ ihipptng ?im*l

Soecimen

Number
Results .\ltcr Fuel SoaJc

1 Mo lifting or deUunination bcrveaa the pmaer and che 21nAl substrate

z No lifting or dcUmination bccve^sn the primer and the ZaAl subatratc

3 Mo lilting or delamination becween the primer and che ZoAi subscraie

No tilting or delamitiation between the primer and che Zn-Ai substrate

5 Mo lifting or delamination between the pcLmer and che Za-AJ substrate

6 Mo lifting or delamination between the primer and the ZnAl soibstrate

Requireme ac Mo lifting or detamination berween che primer and the ZnAl substrate

/r9) Leaded Gasoline - Indolcrtc 30 .

Specimen

Number

Results After Fuel Soaic

L No lifting or deiamination berween the primer and the ZriAi aubsimtc

2 Mo lifting or delaraination between the primer and the ZnAl aubatxatc

3 No lifting or delami nation beewesn the primer and the ZnAi subsinte

4 No iiitiiig or delaminaiiun berwcen the primer and the ZoAI substmie

5 No' lifting or delamioation becween the primer and the 2lAAt sub&trate

Mo lifting or delamination Hccwcen the primer and the ZoAi subaim te

No lifting or deiamination beweea the primer and the 21nAl substrate

^LU) Fuel C

Specimen '

Number

Rasuits After Fuel Soalc

X Mo lifting or deiaminalion between the primer and the Zn-'Vl substrate

-7 Mo lifting oc delamxnacion between the primer and the ZaAi substrate

3 Mo lifting or dclamination between (he primer and the ZaAl substrate
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4. ^To liftins or deUmiiutioa becween (he piimef oixl the ZnAl subaixaie

5 No lilting or dciamination becween che primer ami the ZoAl substrtiie

' 6 No lifting or delamiciation between rhe primer and the ZnAi substraie

RsiTuixcment No lifting or delaminatioa berween the primer asd che ZoAl safasuaia

^li) TFZ (Dupom Waiver 5uei)

Specimiia

^furafacr

Rssulta After, Fuel So«Jc

I No lifting or deiamioation becween the p timer and the ZnAl aubatrats

2 No lifting or dclamination between Che ptimer and the ZnAl :mbssr:iie

3 No lifting or deUmination bccwe-n (he primer and the ZaAJ substrads

4 No lifting or deiamination between the ptimer axwi the ZnAl subatraie

5 • No lifting or delamination between ^e pdmer and the ZnAl substrate

6 No lifting or deiaminaiion betwean the primer and the ZnAl substrate

^Requirement No lifting or deUmination between the ptimer and the ZnAl subsirste

Section 3.iC - Gcavelotneicr at -IS^C then 1500 Hours Salt Fog

Specimen

Number

Jesuits After Salt Fog

I 0^ red CU3C at impacted areas

2 Q% red cust at impacted areaa

3 0% red rust at Impacted areas

0!^ red rust at impacted areas

i 0% red rust at impacted areas

6 0% red cust at impacted areas

Requirement <5% red- cust at impacted areas

Section 5. ID - Intecuuttent iloom Temperaoirs Geavclotncter and Salt Fog

Specimen

Number
Pcet Test Results

.After F*inal Salt Fog

Visual Results

After Final Salt Fog

I No lifting or deiamination 0% red mat at Impacted areas

No lifting or dclamination 0% red cust at impacted oreaa

3 No lifting or dclamination 0% red mat at impacied areas

4 No lifting or deiamination 0% red mat at impacted areas

5 No lifting or deiamination 0% red mat at impacted areas

6 No lifting or deiamination Q% red mst at impacted areas

R.eauir;tncnt No lifting or delaininadon <10^cttd mst at impacted areas
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T,-\BL£ G
Teat Resulta:

2/16" North Amencan iVyclad GP coated steel nibing

^l) California Phase 2 Rsfoanulated Gasoline

Specimen

^fumbe^

Results Ailcr 500 Houn Fuel SoaJc

I No lifting Of dciaroijiatian becwceo (he primer and the ZnAl substraic or the ?.Vl2 coating

2 No lifting or dclaminauon becweea the pdmcr and ihe ZoAl subsiratc or the PAI2 coaun^-

I No lifting or delaminadon between the pcimcr and the ZnAl ^uhatratc or the PAi2 coadng

R^quiremcnC No lifting or delamination becween the primer and the ZaAl subatrate or the ?*\J,2 coating

Calixbrrua Phaac 2 Rctbanuiaceti Gasoline r- \J.i)5% Ditcctiar? Butyl Di5uipaido

Specimen

Numfacc

Raaulta After iOO Houn Fuel SoaJc

1 No lifting or delaminadon becwcen the.primer and the ZaM substrate or the P.\i2 coaling

No lifting or detaxnination between the primer and the ZnAl substrate or the P.M2 coating

3 No lifting or delamination between the primer and the ZnAl substrate or (he P.\i2 coating

RrquiTcmcnt No lifting or dclaminauon becwecn the primer and Che ZnAi substrate or the ?Ai2 coating

/J) .Oiauilcd vVatcf

Specimen

Number
Ilesulia After 500 Hours Fuel Soait

I No lifting or dclaminauon becyeen the primer and the ZnAl substrate or the ?Ai2 coating

2 No lifting or delaminadon between the primer and the ZnAl substrate or the ?_Al2 coating

3 No lilting or deiamixiauon ber*een the primer and the Zn.Al substrata or the PAi2 coating

Requtremeoi No lifting or delaminadon bec^een the primer and the ZnAl suosunte or the ?Al2 coating

^4) CaUxorrua Phase 2 aetonnulatsd Gasolin* ^ 0.26% Butyl Hydro Peroxide

Specimen

• Number

Results 500. Sours Fuel Soak

1 No lifting or delaminadon between the primer and the ZnAl sufasiraie or ihe PAJ.2 coaung

-7 No lifting or delaminadon between the primer and the Za^Al substrate or the P.A12 coating

3 No lifting or delaminadon beOJ/ecn the prinwr and the ZnAi substrate or the PAi2 coaling

Rcquirenicnt No lifting or delaminadon bec^een the piinier and the ZaAJ substrate or the P,\i2 coating

Unieadcd Gaa -r I'lla Aggresaive £dianoi

Specimen

Number

Results After 500 Hours Fuel Soak

I No lifting or dclaminauon becw«n the primer and the ZnAl substrate or the PiAi2 coating

2 No lifting or delaoiinadon beween the primer and the ZnAl substrate or the PAi2 coating

3- No lifting or dclaminauon between the primer and the ZnAi iubstnte or the PA_L2 coadng

Requirement No lifting or delaminadon bervecn the primer and the ZnAi substrate or the ?Al2 coating
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Test Resuita Ccont^:

3/16' ^fo^th .^mericag f^7clad GP coated sieei Oifaiag Tcmit-)

^6) Unleaded Gad + 3i% Agsrsasivo Eihanot

specimen

^Number

• • Results .Ailer 500 Houca Fuel Soak

I ^fo IjfHrrg or dcLaminauoa becweea the primer and cbe ZnAl subsmte or the ?A12 coadng

^fo iTftiwo Of deiamixuician becween the primer ind tfae Zxu-Vt submate or tbe ?AI2 coatini;

3' No lifting Of dciacninadon becween the primer axid rhe ZnAl substiate or tfae ?AI2 coatic^

Requirsmeut Mo liilm^ or dclamination between the acimer and the Zn.\l substrate or the PAI2 coating

^7) Unleaded Gaa -r 10% niiianol

Soectoiea

Number

Rcsuiu Alter 500 Sours Puel Soak

I No tiftins or dc lamination between the primer ind the ZnAl jubstraie or the PAi2 coating

•2 No UiUng Of delamination bcCAfeen the primer and the ZnAl substrate or the PA12 coating

J No lifting or delamination becween the primer and the ZnAl iubstraie or the P.'VI2 coatinif

Requireineni No liftiag or delamination betweeq the primer and Che 2.ru\i substrate or the ?Ai2 coaling

Specimea

Number

Results After 500 Houca Fuel Soaic

I No lifting or delamination becween the primer ind the ZnAl substrate or the PAi2 coating

No lifting or delamination becween the primer and the ZnAl substiate or the PAi2 coating

3 No lifting or delaminauon becween the primer and the ZnAl substrate or iho PAi2 coating

Requiremeat No lilting or delaminauon between the primer and the ZaAl substrate or the PA12 coating

^y) Leaded Gaaaiine - indolene JU

Specimen

Number

Results After iOO Houm Fuel SoaJc

I No lifting or delamination between the primer and the Zn-M substrate or (he P-\i2 coaling

2 Mo lifting Of delarrxinaiion becween the primer and the ZnAl substraie or the PA12 coating

3 No lifting or delaminauon becwein the primer and the ZnAl substrate or the PA12 coating

Requirement Mo lifting Of delamination becween "he primer and the Zxi.Al iubairatc or the ?A12 coaung

^10) Fuel C

Specimen

Number

Results After 500 Hours Fuel Soak

I Mo lifting Of delamituition becween the primer and the ZnAl substrate or the PAi2 coadng

2 No . lifting Of delamination between the primer and the ZnAl substrate or the PAI2 coating

. 3 No lifting Of debraination becween 'he primer and the ZnAl substrate or the PAi2 coaling

Requirement No lifting Of delamination becween the primer and the ZnAl subsiraie or the PA12 coadng
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Teat Reaulu ('cont'):

1/16' Nocth NTcbd G? coated sicej ?Mbing feonc)
-5^11) TFZ CCtwooi "Waiver ?aef)

Screcimen

dumber
jlcsaiita AAsr 5C0 Sours Foci 5oaJc

L No lilting or detaininauan becweca cha ptiixkcr lod 'tis ZnAi jubstrafc ar 'iie !PAl2 coating

^fo lifting oc dclammadoQ bccwesn itus gamer and c±ie ZaAI substrate or the ?Ai-l coating

1 ,
^fo liAinif or dainminadoa becweeo clie pdjucr and die ZaAl sobsmtc or (tie ?Jd^ co«dng .'

No lifting or doUrainacion becweao (ho pamcr md (he Z-aAi iiio«ratn or iho PAi^ 'ioadng
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While the invent ion • has been described in

connection with what .is presently considered to be. the

most practical and preferred embodiments, it is to be

understood that the invention is not to be limited to the

5 disclosed . embodiments but, on the contrary, is intended

to cover various modifications and equivalent

arrangements included within the spirit and s.cope of the

appended claims , which scope is to be accorded the

broadest interpretation so as to " encompass' all such

10 modifications and equivalent structures as is permitted

under the law.
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What is Claimed is

:

1 1. A multi- layer tube, comprising:

2 a metal tube having an outer surface;

3 a zinc layer bonded to the metal tube outer

4 surface, wherein the zinc layer is selected from the

5 group consisting of zinc plating, zinc nickel alloys,

6 zinc cobalt alloys, zinc aluminum alloys, and mixtures .

7 thereof ;

8 a surface treatment layer bonded to the zinc

9 layer, wherein the surface treatment layer is selected

10 from the group consisting of a zinc/aluminum/rare earth

11 alloy, phosphate, chromate, and mixtures thereof;

12 a priming layer;

13 a first polymeric layer bonded to the priming

14 layer, wherein the first polymeric layer is selected from

15 the group consisting of thermoplastic elastomers,

16 ionomers, nylons, f luoropolymers , and mixtures thereof;

17 and

18 a second polymeric layer bonded to the first

19 polymeric layer, wherein the second polymeric layer is

20 selected from the group consisting of nylons,

21 " thermoplastic elastomers, f luoropolymers , and mixtures

22 thereof

.

1 2. The multi - layer . tube as defined in claim 1,

2 further comprising a third polymeric layer interposed

3 between, and bonded to the first and second polymeric

4 layers, wherein the ^ third polymeric layer is selected

5 from the group consisting of ionomers, nylons, ethylene

6 vinyl alcohol, polyolefins, and mixtures thereof.

1 3. The multi-layer tube as defined in claim 1,

2 wherein the zinc layer has a thickness ranging between

3 about 10 to 25 microns.
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1 .4. The multi-layer tube as defined in claim 1,

2 wherein the surface treatment layer has a weight. ranging
3- between about 3 7.3 g/m^ and about 9 7.7 g/m^

.

1 5. The multi-layer tube as defined in claim 1

2 wherein the first and second polymeric layers
; combined,

3 have a thickness ranging between about 75 to 3 00 microns.

1
.

6. The multi-layer tube as defined -in claim 5

2 wherein the first and second layer thickness ranges

3 between about 125 to 250 microns.

1 -7. The multi-layer tube as defined in claim 2

2 wherein the first, second and third polymeric layers,

3 combined, have a thickness ranging between about. 75 to

4 3 00 microns .

,

1 8, .The multi- layer- tube as defined in claim 7

2 wherein the first, second and third layer thickness

3 ranges between about 125 to 250 microns.

1 9. The multi-layer tube as defined in claim 1

2 whexein the zinc/aluminum/rare earth alloy of the surface

3 treatment layer consist s essentially of:

4 . between about 85% and about 9 7% Zn;

5 between about 4% and about 15% Alj and

6 at least about 5 ppm of a rare earth-containing
7 alloy.

1 10. The multi-layer tube as defined in claim 1

2 wherein the first polymeric layer consists essentially of

3 an ionomer and a nylon.

1 11. The multi-layer tube as defined in claim

2 10 wherein the ionomer is ethylene methacrylic acid

3 copolymer- -partial metal salt, and wherein the nylon is

4 Nylon 12.
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1 12. The multi-layer tube as defined in claim

2 ,11 wherein the ethylene methacrylic acid copolymer-

-

3 partial metal salt comprises between about 10% and about

4 70% of the first polymeric layer, and wherein the Nylon
5' 12 comprises between about 90% and about 30% of the first

6 polymeric layer.

1 ' 13. The multi-layer tube as defined in claim

2 11 wherein the . second polymeric layer consists

3 ' essentially of a nylon.

1 14. The multi-layer tube ,as defined in claim

2 13 wherein the second polymeric layer consists

3 essentially of Nylon 12.

1 15. A process for manufacturing a multi-layer

2 tubing for conveying fluids comprising the step of:

3 extruding multiple layers of a mel t -processible

4 thermoplastic to a pretreated metal tube having an

5 external surface with at least a zinc based coating, a

6 sealant coating on top of the zinc based coating, and a

7 primer coating on top of the sealant coating.

1 16. The process of claim 15 wherein the melt-

2 processible thermoplastic is selected from the group

3 consisting o,f Nylon 12, Nylon 6, zinc chloride resistant

4 Nylon 6, "thermoplastic elastomers, fluoropolymers , and

5 mixtures thereof

.

1 17. The process as defined in claim 16 wherein

2 the primer coating is applied by an airless spray system

3 in a closed atmosphere, wherein substantially no volatile

4 organic compounds escape into the atmosphere.

1 18 . A process for manufacturing a multi- layer

2 .tubing for conveying- fluids in a vehicle system

3 comprising the steps of:
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4 coating a metal tube with a zinc based coating
5 selected from a group consisting of zinc, zinc-nickel
6 alloy, zinc-cobalt alloy, zinc-aluminum alloy, and
7 mixtures thereof;

8 sealing the zinc based coating on the metal

9 tube with at least one sealant coating selected from the
10 group consisting of a phosphate surface treatment, a

11 chromate surface treatment, a zinc- aluminum alloy surface
12- treatment, and combinations thereof;

13 applying a primer after the sealing step;

14 coextruding at least one melt-proc'essible

15 thermoplastic layer onto the pretreated metal tube, with
16 the at least one layer overlying the pretreated metal

17 tube, wherein the first layer is selected from the group

18 consisting of Nylon 12, Nylon 6, zinc chloride resistant
19 Nylon 6, thermoplastic elastomers, f luoropolymers

,

2 0 ionomers, and mixtures thereof; and

21 applying vacuum pressure between the pretreated
22 metal tube and the melt -processible thermoplastic during

23 the extruding step to draw the .thermoplastic into

24 intimate contact with the pretreated metal tube.

1 19. The multi-layer tube of claim 1 wherein

2 the priming layer is a nylon primer having as a major

3 constituent titanium dioxide.

1

2

3

20. The mult i- layer tube of claim 1 wherein -

both the first, and second polymeric layers . comprise a low

viscosity, low molecular weight Nylon 12 material:
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ABSTRACT OF THE DISCLOSURE

A corrosion resistant multi- layer tube
comprises a metal tube; a zinc layer bonded to the metal
tube outer surface; a surface treatment layer bonded to

the zinc layer; a priming layer; a first polymeric layer
bonded to the priming layer; a second polymeric layer

bonded to the first polymeric layer. A process for

manufacturing the tube comprises the step of extruding
multiple layers of a melt -processible thermoplastic to a

pretreated metal tube having an external surface with at

least, a zinc based coating, a sealant coating on top of

the zinc based coating, and a primer coating on top of

the sealant coating. The primer coating is preferably
applied by an airless spray system in a closed
atmosphere, wherein substantially no volatile organic

compounds escape into the atmosphere. The polymeric
layer (s) remain adhered to the metal tube, even when

exposed for prolonged periods to aggressively corrosive

environments-.


